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EXAMINER'S ANSWER 



This is in response to appellant's brief on appeal filed 16 August 1995 
and the supplemental appeal brief filed 24 November 1995 
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Art Unit 1804 

(1) Real Party of Interest . 

A statement identifying the real party in interest is contained in the brief. 

(2) Related appeals and interferences . 

A statement identifying the related appeals and interferences which will directly affect or be 
directly affected by or have a bearing on the decision in the pending appeal is contained in the brief. 

(3) Status of the claims . 

The statement of the status of the claims contained in the brief is correct. 

(4) Status of the Amendments after final . 

The appellant's statement of the status of amendments after final rejection contained in the 
brief is correct. 

(5) Summary of the invention . 

The summary of the invention contained in the brief is noted but is not a "concise" explanation 
of the invention. The invention is defined by the claims on appeal (of which the claims fall together). 

Insofar as the summary presented in the brief starts at page 5 and ends at page 10, it is not a 
concise summary. The commentary regarding Japanese terrorists and Saddam Hussein is noted but 
is not germane to the claimed invention nor is any part of that discussion supported by direct recitation 
in the present application written description and claims on appeal. All of these events occurred after 
the effective filing date of the present application. 

The commentary in the paragraph bridging pages 5-6 discusses treatment of toxic compounds 
in connection with illness(es), however, neither treatment of illness(es) nor the effects of toxic 
compounds are the presently claimed invention. Thus, the dscussion of the footnote at page 5 is not 
cfirected to the presently claimed invention. 
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The discussion of U.S. Department of Defense experience is also not supported by direct 
recitation in the present application, and therefore, cannot be relied upon as part of the summary. 
Page 6, first full paragraph asserts long felt and unfulfilled need, but it is not apparent from the instant 
application written description as filed which contains no disclosure of U.S. Department of Defense 
5 experience. Here, long felt need" {Texas Instruments inc. v. International Trade Commission, 

26 USPQ2d 1018 (Fed. Cir. 1993)) is analyzed as of the date of the articulated identified problem and 
evidence of efforts to solve that problem. The present appear brief summary (pages 5-10) sets a date 
of long felt need" by discussion of Japanese subway terrorists and Saddam Hussein's threat to use 
nerve agents in Operation Desert Storm and its use against Kurdish rebels. None of these events 

1 0 occurred prior to the effective filing date of the present application nor do any of these events appear to 
directly refer to the subject matter defined by the present claims. Furthermore, each of the foregoing 
events occurred after the effective filing date of the present application filing, and thus, do not show a 
long felt need because they do not demonstrate a date that is prior to the instant application effective 
filing date. Dates later than the instant application filing date do not demonstrate nor provide any nexus 

15 to any long filed need". 

Page 6 (first full paragraph) of the appeal brief asserts that the present invention provides an 
alternative and alleges that short of the commercial incentive of patent protection it is not likely that 
alternatives would be commercialized. This is not persuasive because of (1) the absence of factual 
20 scientific evidence in the application as filed that substantiates the assertion of short of the commercial 
incentive of patent protection it is not likely that alternatives would be commercialized, (2) there is no 
nexus demonstrated in the present application as originally filed of commercialization nor is funding for 
research considered commercialization, (3) there is no demonstration of long-felt need, and 
(4) commercialization is not the presently claimed invention. 

25 

Page 6 second full paragraph of the instant brief asserts that 

"Prior to the present invention, it was known, that microorganisms could degrade 
organophosphorous compounds used as pesticides. It was also known that certain bacteria exhibited 
a particular penchant for doing so. At least certain bacteria appeared to be able to attack a wide array 
30 ofOPs." 
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which is a statement that the processes were already known, and were known to use the 
microorganisms that contained the protein that acted on and detoxified organophosphorous 
compounds. Thus, the presently claimed method of use of the protein was already known. 

5 Insofar as "recombinant" is recited, Watson et a/, indicate that all DNA is recombinant which 

makes the protein made from the template of that DNA also a recombinant protein and is not 
distinguished by the present claims. Thus, the comments in the second full paragraph of page 6 are 
not persuasive that the presently claimed invention set forth in the present claims on appeal are 
distinguished. They are not. This paragraph also discusses whether or not the reaction was 
10 enzymatic. Such comments are not persuasive because the present claims only "expose" the 
organophosphorous compound. Exposing is not an explicitly recited step of enzymatic reaction. 

It is also noted that this paragraph makes the one sentence remark as to whether or not there 
was one or a multitude of enzymes, however, the presently claimed invention defined by the appealed 

15 claims does not distinguish between these as no claim indicates that the organophosphorous acid 
anhydrase is isolated and purified as a single protein or used as such. This paragraph also asserts 
that it was not known whether or not the protein would breakdown the more recalcitrant 
organophosphorous compounds such as those with P-S linkages as found in certain nerve gases. 
This also not persuasive in the summary since no appealed claims defining the presently claimed 

20 invention refer to nor even per se recite recalcitrant organophosphorous compounds such as those 
with P-S linkages. Thus, the comments in the summary of appellant's brief are not persuasive in 
regard to the presently claimed invention. 

The summary in the appeal brief also asserts (paragraph bridging pages 6-7) that there are 
25 roadblocks to overcome such as the sequencing of the DNA and various assays that are referred to in 
the present specification at page 4 line 23 to page 5 line 5. These pages of the present specification, 
however, discuss the cloning of the gene (the present claims are not directed to the cloning of the gene 
but to a method of use of the enzyme which is a protein. The protein is not a DNA. 
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As to assertion of commercial basis, the paragraph discusses expression of the gene. Gene 
expression is not the presently claimed method of use of the protein. See the claims on appeal. As far 
as this paragraph discusses attempts to characterize the enzyme, the present claims are not directed 
to a method of characterization of the enzyme but to a method of use of the enzyme, where from the 

5 cited prior art, it is known that the enzyme catalyzes a reaction that detoxifies, i.e., degrades 
organophosphorous compounds. The appeal brief at page 6, last full paragraph admits that the art 
contained knowledge of the presence of the enzyme and that the enzyme catalyzed degradation of 
organophosphorous compounds. The present application also discloses in the last paragraph of page 
7 that the DNA was cloned, expressed, and the results published in peer reviewed journals prior to 

10 filing date of the present application. Thus, the comments in the paragraph bridging pages 6-7 are not 
persuasive of appellant's comments in the brief. 

The first and second full paragraphs of page 7 of the present appeal brief assert that it was not 
known where in the bacterial genome the gene was located nor whether the enzyme could be 

15 expressed in another cell other than the one in which they originated. These comments are not 
persuasive in view of the cited references of McDaniel ef a/.(BY), Harper et al. (BX), Wld et a/. (AT), 
McDaniel (AZ), and for example, Mulbry et al. (J. Bacteriol., 1989). Each reference indicates that prior 
to the time the present invention was made that a gene for the enzyme was known and cloned into a 
host cell other than the one in which the DNA encoding the enzyme originated. Note also that the 

20 McDaniel (AZ) reference is contrary to the statements made in the present appeal brief (by McDaniel, 
for appellant, one of whom is McDaniel) in the paragraph bridging pages 6-7 indicates in the abstract 
(pages iv-v) that "... a useful plate assay for the detection of Opd* colonies was developed and 
used ... a . Note the approval by six (6) others (i.e., the McDaniel dissertation committee). Thus, from 
the references indicated above, it is apparent that the gene encoding the enzyme that degraded 

25 organophosphorous compounds had been isolated, cloned, and expressed in heterologous host 

organisms regardless of whether or not the DNA or the protein had been sequenced (sequencing does 
not change the physical entity of the DNA nor of the protein but only adds information). Therefore, the 
present appeal brief assertion that it was not known where in the bacterial genome the gene was 
located nor whether the enzyme could be expressed in another cell other than the one in which they 

30 originated is erroneous and not persuasive. 
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It is also asserted in the second full paragraph of page 7 that it was not known if the enzyme 
would have attacked the organophosphorous agents, however, this is not persuasive in view of the 
above indicated references as McDaniel (BY) at page 2310 indicates that a wide range of pesticides 
5 are degraded; Harper et al. (BX) at page 2586, for example, indicates that soman (among other 

organophosphorous compounds is degraded, note the indication in the McDaniel (AZ) dissertation that 
states that the gene was cloned and refers to citation references 8 (McDaniel et al. 1988 J. Bacterid., 
170:2306-2311), 10 (Mulbry etal. 1986 Appl. Environ Microbiol. 51:926-930), and 12(Serdar etai 
1985 Bio/Technol. 3: 567-571) referred to at page 2586 of the Harper et al. reference); Wld et al. (AT) 
10 indicates that the enzyme (see pages 632 (doning) and 633 (characterization) degrades 
organophosphates (Table 1); Mulbry et al. (see at least pages 6740) as to the detoxification of 
organophosphorous waste; and, see for example pages 48-136 of the McDaniel (AZ) reference. Thus, 
the comments in the comments in the second full paragraph of page 7 are not persuasive. 

15 In the third full paragraph of page 7, the present appeal brief asserts that standard laboratory 

procedures were unsuccessful (referring to page 4, lines 32-34 of the present application 
specification). This is not persuasive since the above spedfication page 4, lines 32-34 indicates that 
isolation of the plasmids was difficult and difficult is not the same as unsuccessful and is apparently 
contradictory to the references dted above. Moreover, the dted references are successful examples 

20 of doning the gene which is the antithesis of appellant's assertions for which appellant's are in part 
authors of the references. Appellant's own references are indicative of the error in appellant's 
assertions. Thus, the comments in this paragraph of the brief are contrary to the dted references and 
not supported by the dted page 4, lines 32-34 of the present spedfication. It is also noted that the third 
full paragraph asserts failure to achieve acceptable levels of expression. This is not persuasive 

25 because the present daims are not directed to a method of/for produdng the enzyme per se but of a 
method of use of the enzyme perse regardless of the amount (none is redted in the daims) or purity 
(no daim redtes a process where the enzyme is purified) where the present daims do not indicate any 
spedfic levels of expression of the DNA. The present method as daimed is not to a process of gene 
expression, it is to a process of using an enzyme, regardless of how it is or was produced. The 

30 method of use of the enzyme is what is daimed. It is a cfifferent statutory dass of invention from that of 
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making the enzyme which is argued in part in the brief. Note for example that Harper ef al. 
(page 2586) indicates that purified enzyme preparations of the cloned gene product were shown to 
specifically degrade organophosphorous compounds, i.e., the presently claimed method of use. Here, 
Mulbry ef al. indicate (see for example the abstract) that the protein produced from the cloned gene 
5 had higher levels of organophosphorous activity. Thus, here, the assertion of inability to achieve 
acceptable levels of expression is not persuasive as the instant claims do not require acceptable levels 
of expression and the disclosure in the cited art of purified enzyme preparations of the cloned gene 
product demonstrates that the ordinary skilled in the art knew of and had obtained acceptable levels of 
expression that resulted in purified enzyme preparations. For these reasons, the comments in the third 
10 full paragraph of the present brief are not persuasive. 

In the paragraph bridging pages 7-8, the present appeal brief asserts that accurate 
sequencing of the gene was a roadblock due to the high G-C to A-T ratio. This is not persuasive 
because the present claims are not directed to a DNA perse and the above indicated references 
15 disclose the cloning of the gene encoding the enzyme. Thus, the comments are not persuasive nor 
correlated to the present claims on appeal that are directed to a method of use of the enzyme (i.e., it is 
a protein and a protein is not a DNA). As the above references clearly demonstrate, it is not necessary 
to have sequenced the DNA nor the enzyme for one to have used same. 

20 The first paragraph of page 8 of the present brief refers to difficulty in producing the enzyme for 

purification and characterization by reference to page 5, lines 1-3 and 5-7 and accurately designing 
"hook-ups" (note that hook-ups are not disclosed, defined, nor even perse discussed in the present 
application and is jargon) at page 8, lines 28-32 of the present specification. It is pointed out that here, 
the above asserted difficulty is not persuasive as the Wld et a/. (AT) reference among other references 

25 indicated cloning the DNA encocfing the enzyme (see pages 632) and characterizing the protein which 
was demonstrated to degrade organophosphates (Table 1). It is also pointed out that the discussion of 
"hook-ups' is also not persuasive nor pertinent to the process of use as the discussion of how the 
enzyme is obtained does not alter the function of the enzyme in the presently claimed method of use 
which is what is claimed. The presently claimed method is a "method of use' - see the appendix of 

30 claims attached to the appeal and supplemental brief. The discussion in the first full paragraph of 
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appeal brief page 8 is one of a process of making the enzyme - i.e., it is a distinct and different 
statutory process from the presently claimed method of use. The minor modifications referred to in this 
paragraph are not persuasive because the presently claimed invention is not directed to modifications 
of the enzyme nor to the N-terminus of the enzyme per se but to a process of use of the enzyme. Of 
5 note is the exhibit B attached to appellant's brief which by appellants own comparison the originally 
filed sequence contains missing DNA bases (see sequence 1 of exhibit B compared to sequences 2-6 
and sequence 6 is not the originally filed sequence and are not "minor modifications" - as the changes 
(exhibit B, page 2, first line of bases) inserts an entire codon and would change the sequence from 
Met-Gln-Thr-Arg-Arg-Val-Val-Leu-Lys-Ser-Ala-Ala-Ala-Gly ... to 

10 Met-Gln-Thr-Arg-Arg-Val-Val-Leu-Lys-Ser-Ala-Ala-Ala-Ala-Gly .., i.e., it adds at least one and more 
entire amino acids to the sequence at the N-terminal region at the 14 th residue and in the remaining 
part of the enzyme for which the present application makes no explanation for the change. In the 
second line of bases (page 2 of exhibit B) there is a frame shift of one (1) base that changes the 
sequence from a ... GCG ACG TGG..." to "... GCG AGG GTG..." which changes the encoded amino 

15 acids from "... Ala-Thr-Trp into "... Ala-Ser-Val ..." for which all of the amino acids shown in the 
exhibit change in sequence and/or in identity due to the frame shift. This is "not a minor modification" 
as the remainder of exhibit B demonstrates at position 182 (third line of bases at page 2 of exhibit B) 
another reading frame shift of a single base which further changes the DNA. Note the additional 
modifications that appellant seeks to make as set forth in exhibit B have additional changes that are not 

20 supported in the application as originally filed. See the attached marked copy of appellant's exhibit B. 
Moreover, this paragraph of appellant's brief does not address the process of use of the enzyme as 
discussion of the problems of making is not what is claimed as the invention. As demonstrated by the 
references, the isolation and purification of the enzyme did not deter those of ordinary skill in the art 
from obtaining the enzyme. Thus, appellants comments are not persuasive. 

25 

In the second full paragraph of page 8, the present brief asserts (specification page 8, line 34 
to page 10, line 9 and page 10, lines 11-19) that the inventors and others failed to obtain enough 
enzyme for testing. This is not persuasive because others (see the above cited references) disclosed 
(1) cloning the gene, (2) the amino acid sequence of the enzyme; (3) testing the enzyme in an assay 
30 which is the antithesis of appellant's comments; and, (4) the process of detoxification as claimed is 



Serial Number 08/252,384 Examiner's Answer - 9 - 

Art Unit 1804 

disclosed in the references. Insofar as the brief asserts that high level expression was elusive, the 
instant claims do not recite high level expression nor is high level expression needed nor is isolation 
nor purification of the enzyme needed - note the absence of recitation of same in the claims on appeal. 
Furthermore, the assertion of high level expression eluding others is not persuasive in view of the 
5 present claims on appeal, of which, none recite the asserted high level expression nor the cells with 
the vectors that effect high level expression. Therefore, the comments in the brief (page 8, second full 
paragraph) are not persuasive. 

The paragraph bridging pages 8-9 of the present brief asserts that once the gene encoding the 
10 enzyme was capable of being manipulated a wide variety of uses became possible. So noted, 

however the wide variety of uses are not what are claimed, rather, the method is directed to detoxifying 
any organophosphorous compound in the absence of any recitation of an operative recited step of 
anything that occurs in the method defined by, for example, claim 53. Merely exposing the compound 
to the organophosphorous acid anhydrase does not necessarily effect or reflect any change to the 
1 5 organophosphorous compound per se. 

In the first full paragraph of page 9, the brief refers to successes, however, it is not readily 
apparent as the above exhibit B would appear to demonstrate the failure of the present application 
written description to set forth the correct sequence else why would there be a necessity to correct 

20 same? From the foregoing exhibit B, it is apparent that the present application as originally filed did not 
(1) set forth the complete and essentially correct DNA sequence nor the correct amino acid sequence 
nor (2) determine the correct reading frame as is evidenced by the multitude of reading frame changes 
that appellant refers to in exhibit B attached to the present brief. Moreover, (3) the prior art discloses 
assays for detecting the enzyme and thus, the commentary regarding the assay for detecting the 

25 enzyme are not persuasive. The commentary in the brief of the assay for detecting the enzyme is 
noted and appellant 1 s indication that the references disclose the presently claimed method of 
detoxifying organophosphorous compounds. Here, the comment (4) as to expression in bacteria is 
also noted but not persuasive in view of the references as discussed above and (5) the isolation and 
purification of the enzyme is not persuasive nor commensurate to the presently claimed invention. 

30 Note that the claims do not recite a purified and isolated enzyme and the process of producing the 
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enzyme in the present claims does not make the protein any different from the enzyme as produced by 
any other process. Moreover, the present claims are directed to a method of use of the enzyme, not a 
method of making the enzyme. In item (6), the knowledge gained by the inventors at "designing 
successful hook-ups" is not what is claimed nor is it described in the claims as such as the present 
5 claims are not directed to vectors perse nor to a method of constructing same. Thus, the comments in 
this paragraph of appellant's brief do not summarize the invention. 

In the second full paragraph of page 9, appellant asserts that many tried to achieve what 
appellant's state they have done, however, it is not a novel approach nor is it apparent that appellant 
10 unexpectedly or surprisingly found the gene because of the errors apparent in the present application - 
note the above discussion and the new matter issue. Moreover, from the references discussed above, 
it is apparent that others (see the cited references) as for example indicated above and in the stated 
grounds of rejection found the gene. Therefore, it is not unexpected nor surprising. Thus, this 
paragraph of appellant's brief does not summarize the invention. 



In the last full paragraph of page 9, the brief refers to claim 53, and page 13, lines 15 etseq. 
and 20-25 as demonstrative of several methods of using the enzyme, however, this is not persuasive 
of nor demonstrative of "several methods of using" enzyme as lines 15-36 of page 13 only refer to 
detoxifying organophosphorous compounds, i.e., it is only one process of use and one (1) is not a 
20 multiple. Thus, this paragraph in the brief is not persuasive of nor demonstrates a multiplicity of 
methods of use. 

It is asserted in the first paragraph of page 10 that claim 54 (and refers to page 13, lines 30-34) 
is a refinement of the method of claim 54. This is nonsensical as a claim is not a refinement of itself. 
25 Note that passing the compound through an unspecified matrix as recited in the claim is not a 
refinement of the method as water is also a matrix of molecules forming the liquid in which the 
compound and the enzyme are contained. Thus, the comments as to claim 54 are not persuasive. It is 
also noted that this paragraph discusses claims 55-58 and refers to specification page 13, line 34 to 
page 14, line 1 6 in reference to filtration and exposure in air or fluid or in gas masks. In each case ; the 



15 
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method is the same as to the effect upon the organophosphorous compound. These are not different 
methods of use. 

The second full paragraph of page 10 refers to claims 59, 60, and 64 and to page 14, 
5 lines 18-31 as well as page 14, line 33 to page 15, line 10. Insofar as these claims are asserted in the 
brief to refer to spraying or introduction into a container or pretreatment with the protein, each relies 
upon degradation of the organophosphorous compound by the protein (i.e., the same enzymatic 
process). However, the commentary regarding putting the enzyme in the gut of an animal is not 
persuasive that the method works. For example, in humans the pH of the stomach is <1 and contains 

10 the strong acid hydrochloric acid which is (1) the wrong pH for the enzyme organophosphorous acid 
anhydrase (note page 31 of the instant specification that discusses pH 9 as the pH at which enzyme 
activity is evaluated (i.e., a basic pH as opposed to an acidic pH). Note that here Chaudhry et a/, 
disclose that the pH optimum is 7.5< pH < 9.5. Thus, it is apparent that the statement in appellant's 
brief regarding putting the enzyme in the environment of a human or animal gut would have resulted in 

15 the enzyme that was inactive since the gut pH (pH < 1) is the wrong pH for organophosphorous 

anhydrase enzymatic action. Moreover it is not readily apparent that the enzyme would have survived 
the proteolytic degradation by proteases normally found in the gastrointestinal tract of humans or 
. animals. See for example Stryer (page 197) which indicates that trypsin cleaves most peptide bonds 
following arginine or lysine residues where the present organophosphorous acid anhydrase (see the 

20 sequence recited in the claims) contains a plethora of arginine and lysine residues. Thus, the 
commentary regarding putting the enzyme in the gut of a human or other animal is not persuasive 
since it is apparent that it would have been degraded by gut enzymes. As to the commentary 
regarding pretreatment, this is still the same process of the degradation of the organophosphorous 
compounds. Thus, the comments in the second full paragraph of page 10 are not persuasive of a 

25 different method. 

The comments in the last full paragraph of page 10 refer to claim 61 and 63, figure 1 of the 
specification and table 1 (page 9 of the specification) are noted, however, where the comments refer to 
certain vectors and host cells and transgenic organisms, the claims are not perse directed to same but 
30 to a method of use of the enzyme. The enzyme is not perse the vector nor the gene nor the host cell 
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nor a transgenic organism. Here, the reference to table 1 is noted, however, materials recited in the 
table are not perse recited in any claim and to read into the claims, limitations from the table is an 
incorrect reading of the claims - see In re Zletz, 13 USPQ 2d 1320 (Fed Cir 1989) 

5 The present claims are not per se directed to a DNA, are not per se directed to vectors, are not 

perse directed to host cells, and are not perse to a process of making the enzyme. The present 
invention is a method of detoxifying any organophosphorous compound (none are specifically 
excluded by the present claims on appeal) in the absence of any recitation of any operative recited 
step of anything that occurs in the method defined by claim 53 as merely exposing the compound to 

10 the organophosphorous acid anhydrase (an enzyme produced via any process) does not necessarily 
effect any change to the organophosphorous compound. There is also no direct support for such 
discussion as found at pages 6-7 of the present brief on appeal in the present application written 
description. In fact page 8 states the inventors failed to achieve quantities of the enzyme needed. The 
discussion of the asserted (page 8-9) commercial scale is not demonstrated in the present application 

15 as filed nor contains any nexus to any part of the present written description. Here, in at page 9 of the 
brief, the summary asserts failure of others, however, such is not disclosed in the present specification. 
For the above reasons the summary as found in the brief is not concise nor correct since it diseases 
issues that are not supported by direct recitation in the present application. 

20 Succinctly, the present invention defined by claim 53 which is a method for detoxifying an 

organophosphorous compound (genetically recited and is any organophosphorous compound) by 
exposing the compound to the enzyme. 

25 (6) Issues . 

The appellant's listing (page 1 1 of the brief) of fifteen (15) items under "ISSUES" (appeal brief 
page 1 1) is noted, but is incorrect. There is but one issue - the appealed claims are not patentable. 
The claims fall together (see (5) Grouping of Claims below). The claims are not patentable because 
(A) the specification does not contain an adequate written description and enablement and (B) are 
30 rejected for that reason, (C) the claims are indefinite, and (D) the claims are obvious in view of the cited 
references, all of which lead to unpatentability. 
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(7) Grouping of Claims . 

The statement at the bottom of page 1 1 of the present brief is noted as indicating that claims 
53-64 are all properly of a single group. In view of that indication, and where appellant's brief contains 
no explicit statement that the claims stand or fall together, the claims, therefore, stand or fall together. 
See 37 CFR 1.192(c)(5). 

(8) Claims Appealed . 

The copy of the appealed claims contained in the appendix to the brief on appeal filed 
16 August 1995 is incomplete because claim 64 is missing. The Supplemental Appeal Brief filed 
24 November 1995 (for which appellant appears to have only filed one copy) contains a copy of 
claim 64 which was missing from the appendix of the appeal brief filed on 16 August 1995. 

(9) Prior Art of Record . 

The following is a listing of the prior art of record relied upon in the rejections of the claims 
under appeal. 

BX Harper ef a/., 1988, Appl. Environ. Microbiol. 54(10): 2586-2589. 

Chaudhry ef a/., 1988, Appl. Environ. Microbiol. 54(2): 288-293. 
BY McDaniel et a/. 1988, J. Bacterid. 170(5): 2306-231 1 . 

Mulbry et al. 1989, J. Bacterid. 171(12): 6740-4746. 

The Merck Index an Encyclopedia of Chemicals. Drugs, and Bioloaicals . 1983, (Wndholz et al. 
eds.), Merck & Co, Inc., Rahway, NJ, page 1058. 

Hawlev's Condensed Chemical Dictionary . Twelfth Ecfition, (Lewis, ed.), Van Nostrand 
Reinhold Co., New York, page 857. 

AT Wld ef al. 1986, Proc. of the 1986 U.S. Army Chemical Research, Development and 

Engineering Center Scientific Conference on Chemical Defense Research, pages 629-634. 

AZ McDaniel, C. S., 1985, "Plasmid-Mediated Degradation Of Organophosphate Pesticides", 
PhD Dissertation, pages iii to 164. 
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AW Munnecke, D. M. 1981, The Use Of Microbial Enzymes For Pesticide Detoxification", in: 
Microbial Degradation Of Xenobiotics And Recalcitrant Compounds . Academic Press, Inc., 
London, Pages 251-269. 

5 CD Munnecke, D. M., 1977, Appl. Environ. Microbiol. 33(3): 503-507. 

Gottlieb, W., U.S. Patent 4,781,959 issued 1 November 1988, filed 1 August 1986. 

Grot et a/., U. S. Patent 4,518,650 issued 21 May 1985, filed 7 August 1981 . 

10 

The following reference are cited in regard to appellant's commentary in the summary of the 
invention and to define terms. 

15 Stryer, L, 1975, in: Biochemistry . W. H. Freeman and Company, San Francisco, CA, 

page 197. 

Webster's II New Riverside University Dictionary 

20 Schulz etal. 1979, in: Principles of Protein Structure . Springer-Verlag, New York, pages 66-67 

Watson etal. 1987, in: Molecular Biology Of The Gene , fourth edition, Benjamin/Cummings 
Publishing Company, Menol Park, CA, page 313 which factually states that all DNA is 
recombinant wherein the term does not therefore the term as used in the claims and argued in 
25 the brief, at for example in the paragraph bridging pages 36-37. 



(10) New Prior Art . 

No new prior art is applied in a rejection in this examiner's answer. 

30 

(11) Grounds of rejection . 

The following ground(s) of rejection are applicable to the appealed claims. 



35 The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise, and exact terms 
as to enable any person skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and use the same and shall set forth the best mode 
40 contemplated by the inventor of carrying out his invention. • 

The specification stands objected to under 35 U.S.C. 112, first paragraph, as failing to provide 
an adequate written description for practicing the claimed invention insofar as the present claims 
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indicate using a "recombinant" organophosphorous acid anhydrase. In the last full paragraph of 
page 39, appellant's brief asserts that there are four published versions of the opd gene of admittedly 
the same DNA where the present application disclosure is yet another sequence for the same DNA. 
The brief in this paragraph asserts that there is no as yet fully agreed upon sequence. Insofar as there 
5 is no admitted fully agreed upon sequence, it is not apparent that the sequence of the DNA from any 
reference not correct. Absent such factual side by side comparison, appellant has no basis to allege 
on the basis of the above admitted by appellant four published sequences for the identical DNA 
fragment especially where appellant wants to change the sequence of the DNA and amino acids for 
the organophosphorous anhydrase used in the presently claimed method to a sequence that contains 

10 unexplained and unaccounted for ambiguities. Such changes would be new matter and from the 

ambiguities present in sequence 6 of appellants exhibit B, there is still not fully agreed upon sequence. 
Thus, the comments in appellant's brief do not even comply to the conditions for correction set forth in 
the Ex parte Marshal decision cited by appellant. It is pointed out that the specification recites using P. 
diminuta and a Flavobacterium sp (ATCC 27551) (see the cited references to Harper et a/., BX, and 

15 McDaniel et a/., BY) which set forth DNA sequences coding for opd where the organophosphorous 
acid anhydrase DNA set forth in Figure 1 of the specification are only partially identical. From the 
recited examples in the specification, it is not readily apparent that the species of bacteria are any 
different, nor that the plasmids used are any different, nor that the isolated DNA that was sequenced 
was any different, nor that the functionality encoded by the DNA is any different, and but yet the 

20 sequences recited in the Harper ef a/., McDaniel et a/, Mulbry et al. (1 ) and Figure 1 of the 

specification set forth different DNA sequences coding for what is apparently the same enzyme. Note 
that page 21 of the specification recites using the plasmid pCMS1 (fig. 2 of Harper et a/.) and sets forth 
the DNA sequence (fig. 1). This is apparently the same plasmid and DNA as in the specification 
(compare the paragraph bridging pages 23 and 24 of the specification and the McDaniel et al. 

25 reference, see RESULTS) which is expected to contain the identical DNA. The identical DNA should 
contain the same sequences not (Afferent sequences. Note also that fig. 4 of the McDaniel reference is 
identical to fig. 2 of the present application. Thus, there are apparently at least three different 
references all directed to the apparent identical genetic material where no one reference indicates a 
sequence identity for the apparently identical genetic material and therefore, a query is raised as to 

30 what genetic material is disclosed as cocfing for the organophosphorous acid anhydrase used in the 
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process of detoxification as each is the same but different and given that there are three disparate 
sequences from apparently the identical material (which disparity includes the DNA and amino acid 
sequence for the enzyme disclosed in the present application as files and as recited in the appealed 
claims), it is not clear that one of ordinary skill in the art using solely the disclosure in the application 
5 would have obtained the appropriate identical DNA encoding the organophosphorous acid anhydrase 
which is defined by the amino acid sequence of Figure 1 . As appellant admits of not having the correct 
DNA and amino acid sequence at a time some several years after the instant application filing date. 

Note in particular the indication in the response filed 28 October 1991 at page 15-16 indicating 

10 a 2% difference in sequence and the request to alter the sequence of Figure 1 (page 18). It is not clear 
what changes have been made in substitute Figure 1, as it is not apparently of record. It is noted that 
the above response cites Ex parte Marsili et al. among others (footnote, page 18-19 of the response), 
however, in Marsili, the specification was adequately enabling to support the change in formula of a 
chemical compound (note that neither a DNA polymer nor the amino acid sequence of a 

15 protein/enzyme is the same compound as an imidazole and the information content therein is radically 
different) whereas here, the process uses a recombinant enzyme defined by the DNA encoding the 
enzyme organophosphorous acid anhydrase where the specific amino acid sequence is a critical 
feature to the function of the enzyme. Here the specification and the response (filed 28 October 1991) 
alone do not show what changes applicant intends to make and whether or not those changes would 

20 have been adequately supported by the specification as originally filed, nor has any change been 
shown to have been an inherent characteristic of the enzyme used in the disclosed and presently 
claimed process. Thus, Ex parte Marsili et a/, among others is not a definitive showing of the 
precedence of altering the DNA sequence of Figure 1 as originally filed in the instant application. 
Attention is directed to Ex parte Fox, 128 USPQ 157, (Pat Off Bd Appl, 1957) which indicated that 

25 where the name or formula (wherein the formula here is the seqence of bases in the DNA and the 
sequence of amino adds in the enzyme is a critical element) is a critical element in defining the instant 
invention alteration of that formula may constitute new matter when the original disclosure did not 
sufficiently identify the product or to permit positive identification so as to warrant the introduction of the 
newly (fiscovered name (or formula). Here, the deletion, substitution resulting in a non-silent mutation, 

30 or insertion of a base results in a frame shift and there is no indication in the specification that the 
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corrections now furnished by applicant would have been deducible or anticipated from careful scrutiny 
of the specification. Note that in the modification of DNA, the resulting polypeptide product is not the 
same, especially in the instance of deletions, substitutions, and non-silent mutations. 



been considered and are clearly indicative that the sequence as indicated in the application and those 
which have been published are disparate. Thus, the query of which sequence is correct still remains 
and given those disparities, it is apparent that the written description is flawed as the sequence 
comparison (Exhibit A) shows by indication of several hyphens, "-", defined as a "... base is missing 

10 and, that the sequence as originally filed is incomplete as is evident from the comparative evidence of 
Exhibit A (see also the present marked copy of exhibit B attached as part of the examiner's answer). 
Note the numerous hyphens in the sequence indicated to be that which conforms to application 
figure 1 . In the previous Office Action in the parent application, the specification was objected to 
because of the apparent disparity between the published sequences and the sequence set forth in the 

15 present application. In view of the disparities (Exhibit A filed with the response) and the request to 
correct the sequence shown in Figure 1 , it is clearly apparent that the present application lacks an 
adequate written description for practicing the claimed invention with regard to the correct DNA 
sequence and the enzyme encoded by that DNA. Previously, Figure 1 of the present application was 
in one alternative the correct sequence, however, from Exhibit A (and exhibit B), it is clear that the 

20 sequence shown in Figure 1 in the present application is incorrect. Thus, the objection is not removed 
by the explanation and exhibit in appellant's response of 28 October 1991 and in view of the claims 
reciting a "recombinant organophosphorous acid anhydrase" used in the process where that 
organophosphorous acid anhydrase is defined by the sequence in Figure 1 and in view of the stated 
intention to correct Figure 1 , the specification remains objected to. 



The disparities (Exhibit A filed with the 28 October 1991 response) and the request to correct 
the sequence shown in Figure 1 clearly show the absence of an adequate written description for 
practicing the claimed invention with regard to the correct DNA sequence and amino acid sequence 
nor does the exhibit indicate whether or not such changes in the DNA affect the amino acid sequence 
30 in shown in Figure 1 of the present application which is in one alternative the correct sequence, 



5 



The comments regarding page 15+ of the above 28 October 1991 response have previously 



25 
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however, from Exhibit A, it is clear that the sequence shown in Figure 1 in the present application is 
considered incorrect by appellant. Thus, the objection to the specification is not removed by the 
explanation and exhibit in the response of 28 October 1991 . In view of the present claims to a process 
using the recombinant enzyme and the intention to correct Figure 1, the objection is not seen as 
5 removable nor is it apparent as a minor correction in the absence of explanation of which amino acid 
sequence for organophosphorous acid anhydrase as coded for by the DNA sequence (the prior art or 
that of Figure 1 in the present application) is the correct sequence. 

Insofar as the present specification discloses an enzymatic reaction resulting in degradation of 
10 the organophosphorous compounds by conversion into different product compounds, the present 
specification fails to disclose the process as occurring simply by exposing the enzyme to the 
compound. Note that simply "exposing" does not necessarily result in a detoxified compound as an 
organophosphorous compound which is not a substrate for the enzyme is not detoxified nor does 
"exposing" the compound to an inactive organophosphorous anhydrase enzyme result in a detoxified 
15 compound absent conditions effecting enzymatic conversion of substrate (the organophosphorous 
compound) into different product compounds or that the enzyme is effective to detoxify all 
organophosphorous compounds such as phosmet or phosphocreatine (see The Merck Index) both of 
which are organophosphorous compounds (i.e., organic compounds containing at least one 
phosphorous atom, see Hawlev's Condensed Chemical Dictionary) as is DNA. Note that the present 
20 specification does not teach or disclose how to detoxify DNA or any other of a wide range of 
organophosphorous compounds. 



Claims 53-64 stand rejected under 35 U.S.C. 1 12, first paragraph, for the reasons set forth in 
the objection to the specification. 

25 

Claims 53-64 stand rejected under 35 U.S.C. 112, first paragraph, as the disclosure is 
enabling only for claims limited to the specifically disclosed compounds such as parathion, paraoxon, 
and methyl parathion and the specifically disclosed enzyme as defined by the amino acid sequence 
shown in specification figure 1 (note the above objection to the specification) because the present 
30 specification discloses an enzymatic reaction resulting in degradation of the organophosphorous 
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compounds by conversion into different product compounds, the present specification fails to disclose 
the process as occurring simply by exposing the enzyme to the compound. Note that simply 
"exposing" does not necessarily result in a detoxified compound as an organophosphorous compound 
which is not a substrate for the enzyme is not detoxified nor does "exposing" the compound to inactive 
5 enzyme (as a result of proteolytic digestion or other adverse environmental physical, chemical, or 
biological parameter) result in a detoxified compound absent conditions effecting enzymatic conversion 
of substrate (the organophosphorous compound) into different compounds or that the enzyme is 
effective for detoxifying all organophosphorous compounds such as phosmet or phosphocreatine (see 
The Merck Index) both of which are organophosphorous compounds (i.e., organic compounds 
10 containing at least one phosphorous atom, see Hawlev's Condensed Chemical Dictionary) as is DNA. 
Note that the present specification does not teach or disclose how to detoxify DNA (which is an organic 
compound that contains phosphorous) or any other of a wide range of organophosphorous 
compounds. See MPEP 706.03(n) and 706.03(z). 

15 Claims 53-64 stand rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 

failing to particularly point out and distinctly claim the subject matter which applicant regards as the 
invention. Claim 53 is incomplete as there is no stated result of the effect of exposing the compound 
with the organophosphorous acid anhydrase. Note that simply "exposing" does not necessarily result 
in a detoxified compound as an organophosphorous compound which is not a substrate for the 

20 enzyme is not detoxified nor does "exposing" the compound to inactive enzyme result in a detoxified 
compound. Insofar as the claims recite "organophosphorous compound" as noted in Hawlev's 
Condensed Chemical Dictionary , the term refers to any compound containing carbon and phosphorous 
and is unclear as to whether or not the terminology is meant to be so inclusive as to include all 
organophosphorous compounds or whether it is meant to include only such compounds as parathion.. 

25 paraoxon, and methyl parathion disclosed in the instant specification. 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis 
for the rejections under this section of the Examiner's Answer. 



30 



A person shall be entitled to a patent unless 



Serial Number 08/252,384 
Art Unit 1804 



Examiner's Answer 



-20- 



(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent; or, 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office Action: 

"A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a whole would have been obvious at the 
time the invention was made to a person having ordinary skill in the art to which said subject matter 
pertains. Patentability shall not be negatived by the manner in which the invention was made. 

Subject matter developed by another person, which qualifies as prior art only under 
subsection (f) and (g) of section 102 of this title, shall not preclude patentability under this section 
where the subject matter and the claimed invention were, at the time the invention was made, owned 
by the same person or subject to an obligation of assignment to the same person. 

This application currently names joint inventors. In considering patentability of the claims 
under 35 U.S.C. 103, the examiner presumes that the subject matter of the various claims was 
commonly owned at the time any inventions covered therein were made absent any evidence to the 
contrary. Applicant is advised of the obligation under 37 CFR 1 .56 to point out the inventor and 
invention dates of each claim that was not commonly owned at the time a later invention was made in 
order for the examiner to consider the applicability of potential 35 U.S.C. 102(f) or (g) prior art under 35 
U.S.C. 103. 

Claims 53, 54, 58, 59-63 stand rejected under 35 U.S.C. 102 (a) as anticipated by or, in the 
alternative, under 35 U.S.C. 103 as obvious over McDaniel et a/. (BY) which discloses that 
organophosphorous acid anhydrase detoxifies organophosphorous compounds (see reference 
page 2306 and 2307) by conversion to products wherein the disclosed enzyme was obtained from a 
transformed microorganism. Here, the reference discloses cloning and expression of an opd gene 
encoding a phosphodiesterase using the same strains, vectors, restriction enzymes, and DNA 
fragment. Note the unexplained disparity of the sequences where given the fact that DNA is apparently 
the same DNA that was sequenced in the McDaniel et a/, reference, the DNA is the same. In the 
alternative, given the starting materials and teachings in the McDaniel et a/, reference, it would have 
been obvious that the orcfinary skilled artisan would have obtained from using the disclosed probes, 
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DNA coding for the enzyme that was the same as that of the claims and used same in the disclosed 
process of degrading organophosphorous compounds. 



Claims 53, 54, 58, 59-63 stand rejected under 35 U.S.C. 102 (a) as anticipated by or, in the 
5 alternative, under 35 U.S.C. 103 as obvious over Harper et a/. (BX) which discloses (page 2586) the 
recombinant enzyme as degrading organophosphorous compounds wherein the enzyme was obtained 
from cloning and expression of an opd gene encoding a phosphodiesterase where the DNA sequence 
is the same for P. diminuta and a Flavobacterium sp (ATCC 27551). Note that the same strains, 
vectors, restriction enzymes, and DNA fragment are used in the present application and that there is 

10 an unexplained disparity of the sequences where given the fact that DNA is apparently the same DNA 
that was sequenced in the Harper ef al. reference, the DNA is the same. Note the specification at 
page 1 1 lines 26-28 which states that "In another example the expression vector comprises a 
bacteriophage such as bacteriophage M13". In the alternative, given the starting materials and 
teachings in the Harper et al. reference, it would have been obvious that the ordinary skilled artisan 

15 would have, using the recited teachings, obtained the enzyme and used same in the process of 
degrading organophosphorous compounds. 

Claims 53, 58, and 60 stand rejected under 35 U.S.C. 102 (b) as anticipated by Wld et al. (AT) 
who disclose exposing the organophosphorous acid anhydrase to organophosphorous compounds 
20 (see at least pages 629-630) as well as cloning and expression of DNA coding for organophosphate 
degrading enzymes from P. diminuta and a Flavobacterium which enzymes were used in the same 
disclosed process of degrading organophosphorous compounds. 

Claims 61-63 stand rejected under 35 U.S.C. 102 (b) as anticipated by or, in the alternative, 
25 under 35 U.S.C. 103 as obvious over Wld ef a/. (AT) who disclose exposing the organophosphorous 
acid anhydrase to organophosphorous compounds (see at least pages 629-630) as well as cloning 
and expression of DNA coding for organophosphate degrading enzymes from P. diminuta and a 
Flavobacterium. In the alternative where the sequence is not disclosed, routine sequencing would 
have resulted in determination of the sequence of the cloned DNA which would have resulted in the 
30 amino acid sequence. Wiere the purified enzyme was sequenced, absent factual evidence to the 
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contrary, it would have been obvious that the enzyme disclosed in the reference has the same 
sequence as the enzyme in claims 61-63 and been used in the disclosed process of degrading 
organophosphorous compounds. 

5 Claims 53, 54, and 60 stand rejected under 35 U.S.C. 102 (b) as anticipated by McDaniel (AZ) 

which discloses (see at least pages 45, 62, 101+) degradation (detoxification) of organophosphorous 
compounds using an enzyme obtained by cloning and expression of an opcfgene encoding a 
phosphotriesterase using the same strains, vectors (such as pCMS1 which contains the DNA that is 
used in the presently claimed process and which upon sequencing has the DNA sequence of and 
10 encodes the enzyme with the amino acid sequence recited in the claims), restriction enzymes, and 
DNA fragment (see at least page iii, the tables, pages 46, 55-56, 69, figs. 17 and 19, 82, 89-91 , and 
1 16-120 and would have been the claimed process where the DNA encoded the enzyme used in the 
disclosed process of degrading organophosphorous compounds. 

15 Claims 61-63 stand rejected under 35 U.S.C. 102 (b) as anticipated by or, in the alternative 

35 U.S.C. 103 as obvious over McDaniel (AZ) who discloses (see at least pages 45, 62, 101+) 
degradation/detoxifying organophosphorous compounds using an enzyme obtained by cloning and 
expression of an opcf gene encoding a phosphotriesterase using the same strains, vectors, restriction 
enzymes, and DNA fragment (see at least page iii, the tables, pages 46, 55-56, 69, figs. 17 and 19, 82, 

20 89-91, and 116-120. It is pointed out that while the sequence is not disclosed, in the alternative and 
absent evidence to the contrary, routine sequencing would have resulted in determination of the 
sequence of the cloned DNA which would have led to the deduced amino acid sequence or where the 
purified enzyme was sequenced, absent factual evidence to the contrary, the enzyme disclosed in the 
reference has the same sequence as the enzyme in claims 61-63 and would have been the enzyme 

25 used in the disclosed process of degrading organophosphorous compounds. 

Claims 53-54 and 59-64 stand rejected under 35 U.S.C. 103 as being unpatentable over 
Munnecke (AW) taken with Munnecke (CD), McDaniel ef al. (BY) and Gottlieb (US '959). 
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Munnecke (AW) discloses processes using microbial enzymes in organophosphorous 
pesticide cleanup (see at least page 259) of containers, soil (page 260), and waste water (page 261) 
but where Munnecke (AW) do not set forth the organophosphorous compound in air, one of ordinary 
skill in the art would have from the citation of Munnecke (CD) by Munnecke (AW) have found it obvious 

5 to combine the disclosures of Munnecke (AW) with that of Munnecke (CD) which discloses 
detoxification of spray tank rinse water (page 507) wherein it would have been obvious to one of 
ordinary skill in the art to detoxify waste organophosphorous compounds in the aerosol spray (i.e. the 
compound is in the air). Moreover, where Munnecke (AW) disclose (page 258) that the enzyme was 
needed, it would have been obvious to one of ordinary skill in the art to combine the disclosures of 

10 Munnecke (AW) and Munnecke (CD) with that of McDaniel et a/. (BY) which discloses 

organophosphorous acid anhydrase detoxification of organophosphorous compounds (see reference 
page 2306 and 2307) by conversion to products wherein the disclosed enzyme was obtained from a 
transformed microorganism. Here, where the reference discloses cloning and expression of an opd 
gene encoding a phosphodiesterase using the same strains, vectors, restriction enzymes, and DNA 

15 fragment. Given the starting materials and teachings in the McDaniel et a/, reference, it would have 
been obvious that the ordinary skilled artisan would have obtained from using the disclosed probes 
DNA coding for the enzyme that was the same as that of the claims and which provides a source of the 
enzyme for use in the process disclosed by both Munnecke references and Gottlieb who discloses that 
such enzymes can be used to detoxify gaseous phase organophosphorous compounds (see at least 

20 col 3). Moreover, it would have been obvious by logical deduction from Gottlieb by one of ordinary skill 
in the art that organophosphorous degradation by the enzyme would have prevented contamination by 
pretreatment of an area with the enzyme which degrades the compound and that one known protective 
material is a gas mask. Thus, the claimed invention was within the ordinary skill in the art to make and 
use at the time it was made and was a whole, clearly prima facie obvious. 

25 

Claims 53-54 and 59-64 stand rejected under 35 U.S.C. 103 as being unpatentable over 
Munnecke (AW) taken with Munnecke (CD), and Wld et a/. (AT) and Gottlieb (US *959). 

Munnecke (AW) dscloses processes using microbial enzymes in organophosphorous 
30 pesticide cleanup (see at least page 259) of containers, soil (page 260), and waste water (page 26 1 ) 
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but where Munnecke (AW) do not set forth the organophosphorous compound in air, one of ordinary 
skill in the art would have from the citation of Munnecke (CD) by Munnecke (AW) have found it obvious 
to combine the disclosures of Munnecke (AW) with that of Munnecke (CD) which discloses 
detoxification of spray tank rinse water (page 507) wherein it would have been obvious to one of 
5 ordinary skill in the art to detoxify waste organophosphorous compounds in the aerosol spray (i.e. the 
compound is in the air). Moreover, where Munnecke (AW) disclose (page 258) that the enzyme was 
needed, it would have been obvious to one of ordinary skill in the art to combine the disclosures of 
Munnecke (AW) and Munnecke (CD) with that of Wld ef a/. (AT) who disclose exposing the 
organophosphorous add anhydrase to organophosphorous compounds (see at least pages 629-630) 

10 as well as cloning and expression of DNA coding for organophosphate degrading enzymes from P. 
diminuta and a Flavobacterium which enzymes would have been used in the disclosed process of 
degrading organophosphorous compounds set forth in both Munnecke references. Given the starting 
materials and teachings in the VWd et a/, reference, it would have been obvious that the ordinary skilled 
artisan would have obtained enzyme that was the same as that of the claims and which provides a 

15 source of the enzyme for use in the process set forth by both Munnecke references and Gottlieb who 
discloses that such enzymes can be used to detoxify gaseous phase organophosphorous compounds 
(see at least col 3). Moreover, it would have been obvious by logical deduction from the Gottlieb patent 
by one of ordinary skill in the art that organophosphorous degradation by the enzyme would have 
prevented contamination by pretreatment of an area with the enzyme which degrades the compound 

20 and that one such piece of protective equipment was a gas mask. Thus, the claimed invention was 
within the ordinary skill in the art to make and use at the time it was made and was a whole, clearly 
prima facie obvious. 

Claims 55-57 stand rejected under 35 U.S.C. 103 as being unpatentable over Munnecke (AW) 
25 taken with Munnecke (CD), McDaniel et al. (BY) and Gottlieb (US '959); or, under 35 U.S.C. 103 as 
being unpatentable over Munnecke (AW) taken with Munnecke (CD), and Wld et al. (AT) and Gottlieb 
(US '959) as applied to claims 53-54 and 59-64 above, and further in view of Grot ef a/. (US '650). 



30 



As both Munnecke references disclose detoxification of organophosphorous compounds using 
an enzyme and either of McDaniel ef al. or Wld ef a/, disclose a process for obtaining that enzyme in 
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large quantities for the process disclosed in the both Munnecke references and in McDaniel ef al. and 
Wld ef a/, which both disclose methods of and produced the enzyme and showed that the recombinant 
enzyme functioned to effect organophosphorous degradation, and where Gottlieb discloses using 
enzymes to detoxify gaseous phase organophosphorous compounds (see at least col 3); it would have 

5 been obvious by logical deduction from the Gottlieb patent by one of ordinary skill in the art that 

organophosphorous degradation by the enzyme would have prevented contamination by pretreatment 
of an area with the enzyme which degrades the compound and that one such piece of protective 
equipment was a gas mask wherein Grot ef a/, disclose masks that have been pretreated so as to 
provide protection from and detoxify at least in part organophosphorous compounds (see at least 

10 col 12 of Grot ef al.). It would have been obvious to one of ordinary skill in the art to impregnate masks 
(disclosed in Grot ef a/.) for the purpose of detoxification of airborne organophosphorous compounds 
using the embedded enzymes disclosed in Gottlieb wherein said enzymes are those obtained by the 
process disclosed in either of McDaniel ef a/, or Wld ef a/, to effect a process such as disclosed in both 
of Munnecke references as modified by Grot ef a/, and Gottlieb ef a/, which disclose pretreating and 

15 embedding the materials to detoxify organophosphorous compounds wherein the method defined by 
the combined references would have been practices on a mask is a matrix which is a filtration device 
and is a gas mask. Thus, the claimed invention was within the ordinary skill in the art to make and use 
at the time it was made and was a whole, clearly prima facie obvious. 

20 

(12) New Ground(s) of rejection . 

This examiner's answer does not contain any new ground of rejection. 

25 (13) Response to Argument . 

The commentary in the Appeal brief has been noted and considered but is not persuasive. 



The objection to the specification under 35 U.S.C. 1 12, first paragraph, as 
failing to provide an adequate written description for practicing the claimed invention; 
30 and, the rejection of claims 53-64 under 35 U.S.C. 112, first paragraph, for the 

reasons set forth in the objection to the specification. 
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The comments in the response (pages 12-28, note that the appellant's discussion starts at 
page 12 and not at page 1 1 as indicated in the TABLE OF CONTENTS at page 1 of the brief ) have 
been considered but are not persuasive. At page 12, the first item asserts that the specification 
presents the most accurate DNA sequence. This is not persuasive since appellant is seeking to 
5 change same. Thus, the comment as to accuracy in the application as originally filed is not persuasive 
and contradicted by appellant's present exhibit B in the brief. 

The commentary spanning pages 12-13 indicated as the "A. The Examiner's Objection , the 
comments are noted but are not persuasive of appellant's position for the reasons indicated in the 

10 stated objection and rejection. Here, the comments by appellant are not persuasive because when the 
species of bacteria are the same, when the plasmid and the insert it contains are identical, the 
sequence of that polynucleotide should not differ. Appellant has provided no disclosure of what, how, 
or why, when and under what conditions as presently found in the application written description as 
originally filed that those differences are explained nor does appellant's desire to alter the sequence 

15 eliminate the issue since it presents yet another sequence in the exhibit B attached to the appellant's 
brief on appeal. It is appellants application that presents the disparity. Appellant has not indicated any 
resequencing of deposited the material in question that has been obtained anew from a depository 
(appellant has not indicated that the new sequence in the exhibit B is from, for example, a 
resequencing of material from ATCC 27551), has not compared the material upon which the sequence 

20 is based (as disclosed in the present written description as originally filed) to any deposited material 
that is identical to that material upon which the present application written description is based, has not 
set forth any factual basis for errors in the present application written description of the sequence, has 
not set forth any explanation for how the error was discovered nor whether or not the such an error 
would or would not have been easily discovered by one skilled in the art. 



In the last paragraph of page 12 and the first full paragraph of page 13, appellants continue 
their interpretation of the objection to the specification. Note that plasmid pCMS1 ispCMSL When 
and where there are apparently three (3) different sequences for the identical DNA and the encoded 
amino acid sequence for the protein there is factual basis, when coupled with appellant's request to 
30 alter the sequence to yet another amino acid sequence Afferent from any of the preceding amino acid 



25 
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sequences (see appellants exhibit B), to conclude that appellants arguments are erroneous as the 
statement at page 12 of the brief that the DNA is the most accurate. If it was so accurate as filed, why 
do appellant's want to change same? The fact that appellants want to change the sequence is directly 
contrary to appellants statements of the most correct sequence having been presented. If the most 
5 accurate sequence has been presented why does appellant want to change same? This does not 
support appellants position disclosure and inherency (see first 10 lines of page 12 of the present brief). 

Appellants remarks at page 13, second full paragraph have been considered but are not 
persuasive. The comments assert that one would have used ATCC 27551 , however, page 7, 

10 lines 2-29 do not indicate any conditions of any deposit nor any indication of availability to the public for 
the practice of the invention. Thus, the disclosure of the sequence needs to be relied upon for the 
practice of the invention and the instant application written description in view of the objection does not 
provide an adequate written description since by appellants admission of wanting to change the amino 
acid sequence, the DNA and the amino acid sequence present in the application as filed are incorrect. 

15 In this paragraph of the brief, appellant also acknowledges that others such as Serdar et a/, suggest 
the change to the sequence of application figure 1. Thus, the comments in the second full paragraph 
of page 13 of appellants brief are not persuasive. 

In the last full paragraph of page 13 of appellants brief, the comments are not persuasive as to 
20 the correctness of present application figure 1 - note the changes appellant wants to make to same. 
The further commentary as to changes being 2% at most is noted but is not persuasive as for example 
by simple arithmetic, there are some 48 changes (substitutions and missing bases) shown in 1356 
bases (exhibit B) and this is more than 2% as argued in the brief as (48/1356)X100 - 3.5 and 3.5 is 
more than 2. Moreover, where these changes are indicated as suggested by others, this is not 
25 appellants disclosure but of attributing these changes based upon the knowledge of others. Moreover, 
the changes shown in appellants exhibit B in sequence 6 (the "corrected sequence") are not 
persuasive of correctness as it adds even more ambiguity since at about position 234, it is not clear 
whether or not the base is "G" or B C D , at position 291 , the U T is representative of the fact that appellant 
does not even know what or whether or not there should even be a base present. See also positions 
30 1164, 1165, 1169, 1194, 1195, 1201, 1202, 1249-1251, 1266, and 1267 as to the fact that appellant 
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does not even know what or whether or not there should even be a base present. Moreover, note the 
exhibit B hyphens B - n which are indicated as missing bases in some sequences but present in others. 
See for example positions 7-9, 353-356, 704, 707, and 1 147 where these bases would be absent from 
the corrected sequence. Thus, the comments in this paragraph of the brief are not persuasive. 

5 

The commentary (brief page 14, first full paragraph) refers to references by McDaniel et a/., 
Harper et a/., Mulbry et a/., and Serdar ef a/, as to whether or not they are prior art. The comments are 
noted but are not persuasive under 35 U.S.C. 112 first paragraph since the criterion is not the 
references and whether or not they are or are not prior art. The criterion is appellant's written 

10 description in the application. Thus, the comments are not persuasive nor germane to the criteria of 
35 U.S.C. 1 12 which indicates in part that it is the specification shall contain a written description of the 
invention and from the foregoing and the stated objection to the specification, it is apparent that the 
present application written description does not contain an adequate written description since the DNA 
encoding the amino acid sequence (exhibit B, sequence 6) which appellant wants to use in place of the 

15 present application figure 1 (exhibit B, sequence 1) sequence is not and was not in the possession of 
appellant at the time of the effective filing date of the present application. 

In the second full paragraph of page 14, the brief admits of the sequences as being different, 
however, as to the McDaniel et a/. (BY) reference the plasmid pCMS1 is the plasmid containing the 

20 relevant DNA, and in the Harper et a/, reference, the relevant polynucleotide is from the same pCMS 1 
plasmid, and in the Mulbry et al. (J. Bacteriol., 1989) reference, it is the identical bacterium - ATCC 
27551 from which the DNA was obtained. Thus, it is not apparent that the identical DNA should have 
different sequences. In this paragraph, appellant also asserts that it is a gross misstatement to 
characterize the sequences as only partly identical. This is noted but is not persuasive in view 

25 comparison in appellant's exhibit B. Rather it is appellant who has created the differences to which the 
present application seeks to alter the originally filed sequence but which changes have no basis or 
support in the written description of the application as originally filed. Insofar as this paragraph directs 
ones attention to exhibit B, such consideration of the exhibit does not support any of appellant's 
assertions. Here, the issue is not whether or not the sequences are or are not overwhelmingly 

30 identical (exhibit B clearly shows they are not, and what is and was indicated at one point in the 
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prosecution of the present application is that the written description is flawed since the same DNA 
should have the same sequence, not a different sequence - on that basis the written description is 
flawed), it is whether or not the present application written description supports the changes appellant 
wants to make. Based upon the written description in the present application as filed, the comments in 
5 appellant's prior responses and the present brief do not support appellant's changes and therefore, the 
comments in the second paragraph of the brief are not persuasive. 

In the paragraph bridging pages 14-15, it is noted that the paragraph asserts there are 1430 
bases however, the instant exhibit B only indicates 1356 bases and it is not clear where or what bases 

10 are or are not the (1430-1356=74) 74 bases that are referred to but not shown in exhibit B. In fact, it is 
apparent from this paragraph of the brief that appellant is still confused as to the correct (i.e., the most 
accurate sequence), thus, it is not apparent that even in sequence 6 of appellant's brief that appellant 
has or has not the correct sequence. The discussion of the changes at 9 different positions (McDaniel 
ef al.) and the subsequent inventors is stated to correlate to a percentage difference of less than 1 .0% 

15 (0.63%), however, it is apparent that when some (48/1356JX100 = 3.5) 48 bases are changed, the 
difference is 3.5%. Appellant first argues 2% (brief page 13 at the bottom) then argues less than one 
percent (paragraph bridging pages 14-15) but clearly neglects to explain that 48 bases are changed or 
substituted and even at (48/1 430)X 1 00=3 .35%) 1430 bases, the percentage change is 3.35% which is 
clearly more than the less than one percent argued. Thus, the comments are not persuasive and are 

20 not supported by the present application written description as originally filed. 

The comments in the first full paragraph of page 15 discusses the 35 U.S.C. 1 12 requirement 
for disclosure of the best mode. Insofar as appellant asserts that the inventors were making every 
attempt to meet that criterion, the comments are noted but are not commensurate to the above 

25 indicated objection to the specification which is not predicated upon the absence of a best mode. The 
objection is based as indicated above upon inadequate written description. Thus, the comments as to 
best mode are not persuasive to remove the objection and rejection as the objection and rejection are 
not precficated upon absence of best mode. This paragraph also asserts the present figure 1 as an 
improvement of the published sequences, however, there is no disclosure that the sequence is an 

30 improvement. Moreover, when appellant's changes in sequence 6 of exhibit B are considered, it is 
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apparent that introduction of more ambiguity is not an improvement. Here the numbers presented in 
this paragraph of the brief indicate now that there are 17 out of 1 174 bases or 12 out of 1248 bases 
however, as previously argued in the brief there are 1430 bases. What is the correct number? The 
arguments in this paragraph of the brief do not clarify any issue, rather is presents more confusion 

5 based upon appellant's arguments because it makes more unclear as to what changes are correct and 
more unclear as to how many bases and amino acids are really intended for the claims. In this 
paragraph the present brief cites In re Bosy (footnote at page 15) in connection with the Harper ef a/, 
reference as to best mode but is not persuasive since the objection is not one of absence of best mode 
but of absence of adequate written description to which appellants reliance upon In re Bosy is 

10 misapplied since the decision does not appear to address nor is the issue of optimum mode an issue in 
the stated objection and rejection. Thus, commentary in this regard using the Mulbry ef a/. Harper ef 
a/., and Serdar ef a/, references is not persuasive of appellant's position for the above indicated 
reasons since the objection and rejection are not predicated upon absence of a best mode but on the 
absence of an adequate written description. 



In the paragraph bridging pages 15-16, it is noted that appellant asserts that the sequence is 
difficult to accurately obtain since the G+C content is high and refers to the Serdar ef a/, reference. 
The comments are noted, however, difficult does not mean not possible and even where difficult, the 
art is replete with examples of genes and amino acids that have been sequenced. Note that here, the 

20 claimed method uses a protein - i.e., it has an amino acid sequence and an amino acid sequence is not 
a DNA sequence. Thus, the commentary regarcDng the G+C content is not persuasive as in this 
instance the G+C content refers to the DNA. The DNA is not the protein/enzyme and the G+C base 
content is not an amino add or a sequence of amino acids. It is also noted that this paragraph also 
cites the Sedar et a/, reference as to the B G" and B C ratio, however, the Serdar ef al. reference is not 

25 per se the instant written description and therefore, is not persuasive. Thus, the comments in the 
paragraph bridging pages 15-16 are not persuasive. 



15 



30 



In the first paragraph of page 16, refers to changes of °G B and "C" in the sequences, however, 
none of these demonstrate that the sequence 6 shown in the present exhibit B to which applicant 
wants to change the present application figure 1 sequence to was in the possession of appellant at the 
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time of filing of the present application nor does the present application disclose nor suggest that any of 
the "G" and "C bases should be changed. Thus, the specification does not support any changes that 
appellant seeks to make and the comments in the first full paragraph of page 16 are not persuasive. 

5 It is noted that the second paragraph of page 16 cites Ex parte Marsili which is not persuasive 

since the present application facts and fact pattern differ from Ex parte Marsili. It is also noted that 
appellant discusses the decision in Ex parte Maizel. 

It is noted that the paragraph bridging pages 16-17 to the paragraph bridging pages 17-18 
1 0 discusses and presents appellant's interpretation of the Ex parte Marsili decision . However, the 
present facts differ in at least three respects because the present invention is (1) not a claim to a 
compound - it is to a method; (2) the changes that appellant wants to make are not minor modifications 
as is clear from the above paragraphs; (3) the compound discussed in the Ex parte Marsili is not a 
protein. It is also noted that the brief discusses the In re Nathan decision which cites the Petisi et al. v. 
15 Rennhard et al. decision. Here appellant asserts erroneous statement, but where appellant has 

presented a declaration filed concomitant with the application that indicates that appellant has read and 
understood the contents and claims of the application it is not apparent that appellant can argue an 
erroneous statement. However, it is apparent from appellant's written description as filed does not 
support the changes appellant now wants to make. The changes to the nucleotide base and amino 
20 acid sequence are not corrections to the formula nor has appellant demonstrated that the changes are 
inherent. Thus, the discussion of Ex parte Marsili in the brief does not support appellant's position. 

It is noted that the first full paragraph of page 18 to the end of the paragraph ending at the top 
of page 24 discusses and presents appellants interpretation of the Ex parte Maizel decision in regard 

25 to the new matter, the objection to the specification, and the rejection of the claims. In the paragraph 
bridging pages 21-22, it is noted that appellant comments that appellant was unable to accurately 
sequence the DNA. This is exactly the case here as is plainly evident from appellant's discussion in 
the present brief. Moreover, here, it is readily apparent that appellant was also unable to accurately 
sequence the protein - else why does appellant want to change the sequence. Furthermore, it is also 

30 readily apparent that appellant is still unable to accurately sequence the protein because the changes 
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that appellant wants to make (attention is directed to sequence 6 of exhibit B) clearly demonstrates that 
appellant does not know what amino acids are or are not present insofar as the DNA sequence is 
incompletely/inaccurately sequenced so that the amino acid sequence is not accurately known. See 
for example bases where there are and T. Thus, the situation is exactly similar to Ex parte Maizel. 

5 

It is also noted that appellant presents commentary regarding the DNA encoding the enzyme, 
however, here, the claim is a process of detoxifying organophosphorous compounds using an enzyme 
used in the process of detoxifying organophosphorous compounds that is recited in product by process 
format. The enzyme is a protein. It is not the DNA. The process by which the enzyme is obtained 

10 does not alter the process of detoxifying organophosphorous compounds. In view of appellant's 
commentary and the changes appellant wants to make to the DNA it is not apparent that the appellant 
had the correct amino acid sequence. It is not apparent that appellant now has the correct sequence 
nor can the sequence disclosed in the application as filed and in sequence 6 of exhibit B be considered 
correct in view of appellants assertions in the present brief on appeal as sequence 6 of exhibit B 

15 contains changes that are not disclosed in the application as originally filed nor are the changes 
appellant wants to make inherent in the application disclosure as originally filed. In fact there are 
positions in the sequence for which appellant now places question marks, i.e., positions for which the 
base is now unidentified. Thus the sequence as disclosed and the sequence to which appellant wants 
to change the sequence to are not accurate and any changes as set forth sequence 6 in appellant's 

20 exhibit B is at least as inaccurate as the original sequence of figure 1 of the patent application. 



Appellant provides further four comments (top half of page 24 ) regarding the present 
application in comparison to Ex parte Marsili. As to the first comment that the appellant discovered 
minor errors, this not readily apparent from the present prosecution history - rather it is apparent that 

25 such "minor errors* but which are not minor errors were pointed out in the Office Action mailed 

24 May 1991 (paper number 4). Thus, it is evident that appellant did not find the error nor is it apparent 
from the discussion at page 24 of the appellants brief where in the specification as originally filed these 
errors are referred to. As to the second comment that that analytical data/literature support the 
requested changes, the comments are not persuasive for the reasons indicated above. Moreover, it is 

30 not the references that must support the changes, it is appellant's written description in the present 
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application as originally filed which application does not demonstrate the presence of the DNA and the 
amino acid for sequence 6 of exhibit B in the application as originally filed nor where nor how 
sequence 6 of exhibit B is obtained solely from the present application as originally filed. Thus, the 
second point at page 24 (top half of the page) is not persuasive. As to the third comment of that there 

5 are sufficient characteristics to distinguish the compound, the comment is not persuasive as the 
proposed changes (exhibit B, sequence 6) contain more ambiguity than the originally filed DNA and 
amino acid sequences shown in application figure 1. Moreover, appellanfs admit the originally filed 
sequences contain errors but do not disclose how they arose, the conditions that effected their 
discovery (as it is apparent from paper 4 that appellant did not appear to have found such errors). 

10 Appellant has not apparently gone back and resequenced any deposited material nor compared same 
to the originally filed sequences. There is no comparison of the protocols used in the original as 
opposed to that for the changes (sequence 6 of exhibit B) that appellant wants to make. Thus, the 
comment 3 at page 24 (top half of the page) is not persuasive. As to point 4, appellant argues that 
there is no threat of adding new matter. This is noted because the changes would constitute new 

15 matter which is not entered. Thus, the comments comparing the present application to that of the Ex 
parte Marsili decision are not persuasive since the facts differ. 



In the bottom half of page 24 to the top one-third of page 25 appellant presents eight 

comments that attempt but do not distinguish present application from that of the Ex parte Maize! 

20 decision. As to the first comment that the changes are minor, the comment is not persuasive since 

as filed (a) ATG CAA ACG AGA AGG GTT GTG CTC AAG TCT 

met gin thr arg arg val val leu lys ser 
1(1) 

exhib.B(b) ATG CAA ACG AGA AGG GTT GTG CTC. AAG TCT 

met gin thr arg arg val val leu lys ser 
1(1) 

as filed (a) GCG GCC GCA GGA ACT CTG CTC GGC 

ala ala ala GLY THR LEU LEU GLY 
31(11) 

exhib.B(b) GCG GCC GCC GCA GGA ACT CTG CTC 

ala ala *ala ALA GLY THR LEU LEU 
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31(11) 

The 1(1) and 31(11) are the base and amino acid numbers respectively 

Starting at amino acid number 14, the sequence diverges and contains added amino acids to 
the entire sequence. It is exacerbated as one continued through the modified sequence. Thus, the 
5 comment in the response that the changes are not major are not persuasive as it cannot even be 
determined from the present application whether or not the modifications that appellant makes in 
sequence 6 of exhibit B include or exclude the active site residues (the modification of which would 
clearly be expected to have a major impact upon enzymatic function and activity. 

10 It is also noted that appellant asserts no protein sequence is claimed. This is not persuasive 

since to practice the claimed method, one needs the enzyme. The enzyme which is defined by its 
amino acid sequence since the sequence defines the primary, secondary and tertiary structure of a 
protein (see Schulz et a/, at for example page 67 which is cited as common knowledge in the art). 
Claim 61 among other claims recites a sequence for the protein and therefore since the claimed 

15 process relies upon the enzymatic function of the protein, it is evident that a protein and its correct 
sequence are necessary. Thus, contrary to appellants comments the claims do contain in the claims a 
sequence of amino acids for a protein which is the enzyme. This makes the appellant's first comment 
in the bottom half of page 24 regarding the Ex parte Maizel decision incorrect and erroneous. 

20 The second and third comments in the bottom half of page 24 assert that there is ample 

description for the invention to distinguish same in the claims. The comments are noted but are not 
persuasive because the modifications that appellant wants to make are not supported by the present 
application. The sequence in the present application as originally filed as effectively admitted in the 
present brief and prior responses is incorrect and results in conclusion of an inadequate written 

25 description. It is not apparent that an admittedly wrong sequence (figure 1 as filed) and another 

sequence (sequence 6, exhibit B) which presents additional ambiguities and undisclosed in the present 
application as filed changes is any more correct than the originally filed incorrect amino acid and DNA 
sequence. As to the third point that the DNA is described, so noted, however, it is admitted in 
appellant's brief as incorrectly set forth as originally filed. Moreover, as pointed out above, where 

30 appellants brief refers to cells deposited with the ATCC, the material was not obtained anew from the 
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depository nor resequenced nor any conditions set forth for the comparison of the newly sequenced 
material as compared to that used in producing the original sequence. Insofar as appellant alleges a 
unique sequence, where the sequence admittedly contains errors as filed and contains undefined 
bases was well as additional bases that include entire codons the shift the reading frame. Thus, it is 
5 apparent that where appellant argues uniqueness, it is uniquely incorrect and inaccurate as filed. 
Thus, appellant's comment as to the second and third points at the bottom half of page 24 in the 
present brief are not persuasive of distinctness from the Ex parte Maizel decision. 



10 sequenced portions of the protein and argues that the plasmid produces a complete native protein. 
The comment is noted but not persuasive in view of the present claims which do not indicate the 
enzyme is purified. The comment is also not persuasive since as pointed out above, the sequence is 
incorrect. Thus, the comments as to the item 4 are not persuasive. 



having organophosphorous acid anhydrase activity. So noted. This also makes points 1-4 (bottom of 
brief page 24) inaccurate and unpersuasive since where there is purportedly only one sequence, it is 
not apparent from appellants exhibit B that they even have the correct sequence since sequence 6 
contains additional ambiguities. 



In item 7 (note that there is no item 6 as the brief contains no item 6 in this regard) at brief 
page 25, appellant comments that the claims describe the DNA. This is not persuasive. The claims 
are to a process of detoxifying any organophosphorous compound. The process uses an enzyme. An 
enzyme is a protein. A protein is not a DNA regardless of whether a DNA is used to make the protein, 
25 the process uses a protein to effect "exposing". Furthermore, appealed claims 61-63 contain recitation 
of the amino acid sequence that is admittedly incorrect to encode the enzyme which is the compound 
used in the process that effects the detoxification. The DNA does not perse effect any detoxification. 
Thus, appellant's comments are not persuasive. 



In point 4 (bottom of page 24) appellant's brief asserts purification and to the extent possible 



15 



It is noted that the item 5 at the top of brief page 25 asserts that there is only one molecule 



20 
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Item 8 (brief page 25) asserts that the invention claimed uses a specific composition and is not 
a generic invention directed to DNA. This is true. The claimed process uses the enzyme. The 
enzyme is a protein. The'enzyme is not a DNA. Thus point 8 does is not persuasive. 

5 In each of points 1-5, 7, and 8 (there is no point 6 in appellant's discussion spanning 

pages 24-25) appellant argues that the facts differ from Ex parte Maizei decision. For the reasons 
indicated above, appellant's comments are not persuasive because (1) appellant seeks to make 
changes to the sequence that are not trivial, not disclosed in the application as originally filed, and are 
not supported by the original disclosure; (2) the changes contain substitutions and insertions where the 

10 insertions and substitutions result in a modified protein to which all of item (1) in this paragraph are 
applicable; (3) there is no comparison of the conditions for the originally filed sequence and that which 
is presently proffered by appellant (sequence 6, exhibit B) where in the present application it is not 
readily apparent that the functional and enzymatic activity of the protein is not altered - note that the 
present application does not even indicate which amino acid residues are or are not involved in 

15 catalysis, substrate binding, or that which affects protein folding, the pH profile, the temperature profile, 
etc. and thus, it is not apparent that the changes appellant wants to make can be said with any degree 
of certainty to be minor; (4) there is no analytical data for any resequencing nor any analytical data 
supporting the changes appellant wants to make that are described in the application as originally filed; 
(5) the description of the DNA and therefore of necessity, the protein (since the protein is encoded by 

20 the DNA) is admittedly incorrect where the issue as broached is that in the original disclosure, there is 
no support for the changes appellant wants to make but where the application figure 1 DNA and amino 
acid sequence are incorrect and like the Ex parte Maizei decision, appellant admits the sequences 
differ but also argue that there is but one sequence and it is apparent that appellant was not in the 
possession of sequence 6 exhibit B when the parent of the present application was filed. Thus, 

25 appellant's comments regarding the present application and the Ex parte Maizei decision are not 
persuasive of a difference. 

The comments at page 25 under The Claimed Invention" are noted but are not persuasive 
because where the claims are to methods, they use the enzyme regardless of how it is made. The 
30 sequence of the DNA and the amino acids recited in claim 61 that is referred to in this section of the 
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brief, requires the enzyme to have the specific sequence, not the putative sequence that is alleged. 
Insofar as the amino acid sequence is what defines the enzyme, the sequence is admittedly incorrect 
for the reasons indicated above and because appellant is seeking to change same (if it is not wrong, 
why is appellant changing same?) As to claim 53, the enzyme recited therein is a protein and it is 
5 defined only by function. It is not defined by the DNA nor is a DNA inherent to a protein as proteins 
exist in the absence of a DNA. For example, the enzyme can be obtained from the organism that 
naturally produces it or it can be made via traditional chemistry which does not rely upon a DNA. Thus, 
the appellants discussion of the claimed invention at page 25 does not support any of appellant s 
position. 

10 

In the paragraph The Description of the DNA" bridging pages 25-26, the brief asserts the 
methods do not require the amino acid sequence. The comments are not persuasive because a 
protein is what has the enzymatic function and activity, the DNA does not. Insofar as appellant makes 
the allegation that no specific amino acid sequence is required, it is erroneous because one cannot 

15 have a protein with no amino acid sequence and is unsupported by any factual scientific evidence that 
one can use a DNA to make a protein that has no amino acid sequence. Moreover, the sequence of 
DNA as originally filed is incorrect as admitted by appellant in the brief and the correction contains 
changes that are not supported by the present application and its parent application as originally filed. 
Thus, the present facts are not like the Ex parte Marsili decision but are like the Ex parte Maizel 

20 decision for the above indicated reasons. 



The two full paragraphs of page 26 allege the errors in the DNA are sequence are minor and 
refer to exhibit B. All of the foregoing paragraphs and the dscussion of appellant's exhibit B have been 
considered and for the reasons indicated above, the comments regarding minor changes are not 
25 persuasive. In fact it is apparent in the first full paragraph of page 26 that appellant is still not even 
sure of the accuracy of the amino acid sequence of the exhibit B (see sequence 6). 



30 



In the last full paragraph appellant requests the best way to correct the sequence. The 
following and other criteria have been used in evaluation of appellants comments and materials 
presented for modification of the sequence as originally filed. First appellant needs to have a correct 
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sequence with no blanks and no question marks. Secondly, appellant needs to compare the originally 
filed DNA and in this case also the amino acid sequence of the protein against that DNA that has been 
obtained anew from the depository and to show a chain of custody so that there is a certainty that it is 
the same DNA and the same protein that is described in the application that was obtained from the 
5 depository. Thirdly, appellant needs to indicate that the deposited material and the DNA and amino 
acid sequences obtained therefrom are accurate (as appellant's previous attempts have been admitted 
as incorrect) since the present written description is admitted by appellant as inaccurate. Fourth, 
appellant needs to demonstrate that there is no difference in function by comparing all of the chemical, 
physical, biological, and enzymatic functions of that which is disclosed as originally filed as compared 

10 to that which is purported to be the same. Fifth, appellant needs to demonstrate where in the present 
application as originally filed (i.e., in the parent application) the changes are supported by the 
application written description especially since the present application at pages 7-8 assert the DNA is 
invariant (specification pages 21-22, 24-25 and example VIII do not even suggest any differences). 
The same DNA must encode the same protein. Therefore, it is apparent that appellant here, like the 

15 appellant in the Ex parte Maizel decision, does not have the DNA nor the protein nor the correct 
sequence of both the DNA and the protein that is the enzyme which is used in the process. Thus, the 
comments in the two full paragraphs of page 26 are not persuasive. 

In the first two full paragraphs of brief page 27, appellant comments that the DNA is precisely 
20 1 .3 kb, however, the comments are not persuasive in view of appellants comments in the brief as for 
example, brief page 15 asserts there are 1248 bases and 1248 bases is not 1.3 kb (1,300 bases). It is 
also asserted at page 15 of the brief that the DNA is 1430 bases and 1430 bases is 130 bases more 
than appellant's assertion of 1300 bases. In fact it is apparent that from appellant's exhibit B that 
appellant considers 1356 bases as well. Thus, it is apparent that appellant does not consider 1300 
25 bases as the exact size of the DNA. In fact appellant's second paragraph of page 27 argues that the 
1 .3 kb is not exact. Thus, the comments are not persuasive. 



30 



Appellant third full paragraph of page 27 argues that there is but one enzyme. So noted. 
Insofar as there is only one sequence as asserted by appellant, the appellant's exhibit B does not 
demonstrate that appellant has the correct amino acid. 
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In the fourth full paragraph of page 17 to the end of the first full paragraph of page 28, it is 
noted that the brief asserts that there is a foolproof way to obtain the DNA and its exact sequence. 
This is noted but is not persuasive. Where appellant has followed the teachings in the present 
5 application and indicates that it is foolproof and provides the exact sequence, then there is no need to 
correct the sequence yet appellant here seeks to change the sequence. Therefore appellant's 
methods are not foolproof as is plainly evident from appellant's own comments. 

The rejection of claims 53-64 under 35 U.S.C. 112, first paragraph, as the 
10 disclosure is enabling only for claims limited to the specifically disclosed compounds 

such as parathion, paraoxon, and methyl parathion and the specifically disclosed 
enzyme as defined by the amino acid sequence shown in specification figure 1 (note 
the above objection to the specification). 

15 The comments in the response (pages 28-29) have been considered but are not persuasive. 

The comments in the paragraph bridging pages 28-29 refer to page 32, 33, and 31 , lines 16+, 20+, and 
20+ respectively in the present application as to the types of organophosphorous compounds, 
however, the present claims are not defined solely by these compounds since the enzyme is not 
effective to detoxify all organophosphorous compounds. See phosmet and/or phosphocreatine (see 

20 The Merck Index) both of which are organophosphorous compounds (i.e., organic compounds 

containing at least one phosphorous atom, see Hawtev's Condensed Chemical Dictionary) . DNA also 
contains numerous phosphate groups and is an organophosphorous compound as defined by 
Hawlev's Condensed Chemical Dictionary (see page 857) which indicates that "organophosphorous 
compound" is "Any organic compound containing phosphorous as a constituent" and includes nucleic 

25 acids. Thus, appellants claim terminology is not limited to only the compounds argued in the appeal 
brief. 

It is also noted that the paragraph bridging pages 28-29 and the first full paragraph of page 29 
assert commercialization of the enzyme, however, commercialization is not a criterion of adequate 
30 written description that enables. The present application does not contain any definition of the term 
organophosphorous which definition is therefore that found in the Hawley's Condensed Chemical 
Dictionary . Insofar as the specification is asserted in appellant's brief as not addressing "each and 
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every" (which is redundant) substrate, the instant application does not indicate nor disclose nor define 
the above terminology used in the claim. The assertion of "key substrates" is noted but neither the 
claims nor the specification define "key substrates" perse. Thus, the comments are not persuasive. 
Attention is also directed to appellants later comments in the brief admitting of no commercial market. 

5 

In the first full paragraph of page 29, it is noted that the brief asserts that appellant knows of no 
way to list "each and every" (redundant as each is every and every means all which is each) substrate, 
however, the instant claims (53-64) do not even indicate the organophosphorous compound is a 
pesticide. As pointed out above, the present specification does not teach or disclose how to detoxify 
10 DNA (which is an organic compound that contains phosphorous) or any other of a wide range of 
organophosphorous compounds. Thus, the comments in the response are not persuasive. 

The rejection of claims 53-64 under 35 U.S.C. 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject 
15 matter which applicant regards as the invention. 

The comments in the response (pages 29-30) have been considered but are not persuasive. 
In the last full paragraph of page 29, the brief asserts that appellants have used "exposing" in place of 
"contacting", Interacting", "reacting", etc., however, "exposing" appears to have been defined as "to 

20 deprive of shelter or protection" or "to subject or allow to be subjected to an action or an influence" or 
"to make visible" or "to make known" or "to reveal the guilt or wrongdoing of. None of these refer to 
"contacting" (a union or junction of surfaces), "interacting" (to act on each other), "reacting" (i.e., to act 
in response to or under the influence of a stimulus or prompting). None of "exposing" suggests the 
words "contacting", Interacting", "reacting" as argued by appellant. Attention is directed to the 

25 definitions provided in Webster's II New Riverside University Dictionary . The further discussion of 
poorer choice of words such as "mixing", "dissolving", and "solvating" are noted, however, basic 
enzymology terminology such as "... catalyzes the reaction ..." is known. Thus, it is readily apparent 
that the claims are not defined by "exposing". 

30 In the paragraph bridging pages 29-30, the brief refers to the term "organophosphorous" as 

objected to and provides exhibits F-K in support thereof. The comments are not, however, persuasive 
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because the claims recite "organophosphorous compound" which as set forth in Hawlev's Condensed 
Chemical Dictionary , refers to any compound containing carbon and phosphorous and is unclear as to 
whether or not the terminology is meant to be so inclusive as to include all organophosphorous 
compounds or whether it is meant to include only such compounds as parathion, paraoxon, and 

5 methyl parathion disclosed in the instant specification. The reliance upon exhibits F-K from the 
Environmental Protection Agency do not define the terminology of organophosphorous compound nor 
are the exhibits F-K part of the present application as originally filed. Moreover, the fact sheets do not 
contain perse any definition of the terminology. Thus, reference and reliance upon the exhibits F-K is 
not persuasive nor is the assertion of substrate for the enzyme (page 30) persuasive since the present 

10 claims do not indicate perse that the "organophosphorous compound" is a substrate for the enzyme. 
Thus, the comments in the brief are not persuasive. 



The comments at page 30 under °A. The Examiner's Rejection " are noted as appellant's 
summary of the stated rejection. It is not persuasive of appellant's position. In part "B. Appellants 1 
20 Remarks ", (paragraph spanning pages 30-31) comment upon Ex parte Hirschler, In re Katz, and In re 
Kusko in regard to disclaiming affidavits but misapplies each. 

Insofar as appellant's brief indicates that discussion of obviousness under 35 U.S.C. 103 is 
treated separately. That discussion is apparently found at page 36 of the present brief under what 

25 appellant refers to as "ISSUE V." The same comment is presented, i.e., that the reference is not prior 
art. This argument is not persuasive for the reasons indicated in the immediately preceding 
paragraphs because and until applicant filed the appropriate disclaiming affidavits, the reference is by 
another to the present inventive entity and is published prior to the present application effective filing 
date and for the reasons indicated in the stated ground of rejection, the reference if not anticipatory, 

30 makes obvious the present claims on appeal. 



15 



The rejection of claims 53, 54, 58, 59-63 under 35 U.S.C. 102 (a) as 
anticipated by or, in the alternative, under 35 U.S.C. 103 as obvious over McDaniel 
etal. (BY) 
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In the first full paragraph of page 31 (and including the paragraph bridging pages 31-32 and 
the footnote of pages 31), the remarks refer to the "Declaration of Invention" filed in conjunction with 
the present application as a "sworn satisfactory explanation" of the inventorship and argues that 
Raushel was not an author and that Harper was a technician and Miller was a student. Suffice to say, 
5 the instant declaration that is referred to by appellant McDaniel is not a disclaiming affidavit under any 
of Ex parte Hirschler, In re Kate, and In re Kusko nor does that declaration state anything with regard 
to Harper or Miller nor does it antedate any reference. The present inventive entity is McDaniel, 
Raushel, and Wld whereas the reference is by McDaniel, Harper, and V\M When the names of 
McDaniel and Wld are removed from the reference, the name of Harper remains and the name of 

10 Raushel is missing from the reference. The reference is therefore by another and was published in 
1988 which is prior to the present application effective filing date of 27 April 1989. Thus, the reference 
qualifies as prior art under 35 U.S.C. 102 (a) which indicates the invention was known or used by 
others (the authors of the reference are not identical to the present inventive entity) in this country, or 
patented or described in a printed publication (the reference is a printed publication that is published in 

15 a major peer reviewed journal that is readily available and indexed so as to expedite any search for the 
reference) in this or a foreign country (the reference was published in the United States), before the 
invention thereof (the reference was published prior to the effective filing date) by the applicant for a 
patent by another. Thus, appellant misapplies the decisions. Appellant has provided no disclaiming 
affidavit that conforms to the facts of Ex parte Hirschler or In re Katz. Insofar as appellant has in the 

20 parent application indicated willingness to file such a declaration, appellant has not done so. 

Therefore, the comments in appellant's brief are not persuasive. Thus, the reference qualifies as prior 
art under 35 U.S.C. 102 (a) which indicates the invention was known or used by others (the authors of 
the reference are not identical to the present inventive entity) in this country, or patented or described 
in a printed publication (the reference is a printed publication that is published in a major peer reviewed 

25 journal that is readly available and indexed so as to expedite any search for the reference) in this or a 
foreign country (the reference was published in the United States), before the invention thereof (the 
reference was published prior to the effective filing date) by the applicant for a patent by another. 
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The rejection of claims 53, 54, 58, 59-63 under 35 U.S.C. 102 (a) as 
anticipated by or, in the alternative, under 35 U.S.C. 103 as obvious over Harper 
efaf. (BX) 



5 



The comments at page 32 under "A. The Examiner's 



Rejection " are noted as appellant's 



summary of the stated rejection. It is hot persuasive of appellant's position. 

In part B B. Appellants' Remarks ", (paragraph spanning pages 32-33) assert that the Harper ef 
a/, reference was published in October of 1988 and that the present application was filed in April of 

10 1989. The comment is noted and is demonstrative that the reference was published prior to the 
present application. In the paragraph bridging pages 32-33, appellant comments again upon the 
explanation of authorship and inventorship which is not persuasive. The present inventive entity is 
McDaniel, Raushel, and Wld whereas the reference is by Harper, McDaniel, Miller, and Wld. When 
the names of the presently named inventors is removed from the list of authors of the reference, the 

15 names of Harper and Miller remain and the name of Raushel is missing from the reference. Thus, this 
reference is also legally by another to the present inventive entity. 

Insofar as appellant's brief (page 32) indicates that discussion of obviousness under 
35 U.S.C. 103 is treated separately. That discussion is apparently found at page 36 of the present 

20 brief under what appellant refers to as ISSUE VII." The same comment is presented, i.e., that the 
reference is not prior art. This argument is not persuasive for the reasons indicated in the immediately 
preceding paragraphs because and until applicant filed the appropriate disclaiming affidavits, the 
reference is by another to the present inventive entity and is published prior to the present application 
effective filing date and for the reasons indicated in the stated ground of rejection, the reference if not 

25 anticipatory, makes obvious the present claims on appeal. 



The rejection of claims 53, 58, and 60 under 35 U.S.C. 102 (b) as 
anticipated by Wild et at. (AT) 



30 



The comments at page 33 under B A. The Examiner's Rejection " are noted as appellant's 
summary of the stated rejection. In particular, appellant comments upon routine sequencing is needed 
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to obtain the sequence. So noted. However, it is also pointed out that since the presently rejected 
claims do not recite a specific sequence, any sequence of DNA that encodes the enzyme is all that is 
needed and any protein of any amino acid sequence that has the function is all that is needed wherein 
the reference certainly discloses that there has been obtained the DNA and the protein that perform the 
5 function . It is not persuasive of appellant's position . 

In part "B. Appellants' Remarks ", (paragraph spanning pages 33-34 to the end of the first full 
paragraph of page 34) assert that the Wld et a/, reference does not teach the DNA sequence of the 
gene nor anticipate any difficulty the present inventors encountered. The comments are not 

10 persuasive. The discussion of the open reading frame and no disclosed DNA sequence is noted but 
not persuasive because the rejected claims 53, 58, and 60 do not require nor recite any specific DNA 
sequence and therefore any DNA that encoded the protein is effective and sufficient to produce the 
protein which has no amino acid sequence recited as used in the claimed process. The discussion of 
250 bases and DNA from the 5' flanking DNA is also not persuasive for the above indicated reasons 

15 and is not commensurate in scope to the presently rejected claims. Moreover, where appellant alleges 
that removal of the 250 bp fragment "eliminates" any OPA activity, this is not supported by appellant's 
present specification which in the paragraph bridging pages 24-25 that it is "without complete loss of 
activity", i.e., there is biological activity. This statement in appellant's application is the antithesis of 
appellant's statement in the brief of "eliminates' any OPA activity. The argument {page 34) of teaching 

20 removal of a region of the opd gene and reference to figure 2 are not persuasive because the presently 
rejected claims 53, 58, and 60 do not require nor recite the removal of DNA. The claims are directed to 
a method of using an enzyme. The enzyme is a protein and is composed of amino acid residues. It is 
not a DNA. Thus, appellant's comments are not persuasive nor is the VWd et a/, reference confusing 
nor does it so state. Thus, the comments in appellant's brief are not persuasive. 



Insofar as appellant's brief (page 33) incficates that discussion of obviousness under 
35 U.S.C. 103 is treated separately, claims 53, 58, and 60 in this rejection are rejected for anticipation. 
Thus, the comment regarding separate discussion for obviousness is not persuasive nor is it 
apparently discussed in the present brief. Thus, the comment is not persuasive. 



25 
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The rejection of claims 61-63 under 35 U.S.C. 102 (b) as anticipated by or, 
in the alternative, under 35 U.S.C. 103 as obvious over VWd ef a/. (AT) 

Appellants brief contains no apparent discussion of this rejection under 35 U.S.C. 102 (b). It is 
therefore, a defective brief on appeal (see 37 C.F.R. 1.192 (c) (8) (iii)), however, it is also taken as 
agreement that the claims are anticipated because there is no discussion traversing the above 
indicated rejection for anticipation. 



As to the comments at page 36 regarding the obviousness rejection under 35 U.S.C. 103, the 
10 discussion asserts the VWd et a/, reference teaches away from the claimed invention but does not 
indicate how or what is relied upon for support of the assertion made. As pointed out above in the 
ground of rejection, the VWd ef a/, reference discloses exposing the organophosphorous acid 
anhydrase to organophosphorous compounds (see at least pages 629-630) as well as cloning and 
expression of DNA coding for organophosphate degrading enzymes from P. diminuta and a 
1 5 Flavobactehum. In the alternative where the sequence is not disclosed, routine sequencing would 
have resulted in determination of the sequence of the cloned DNA which would have resulted in the 
amino acid sequence. Wiere the purified enzyme was sequenced, absent factual evidence to the 
contrary, it would have been obvious that the enzyme disclosed in the reference has the same 
sequence as the enzyme in claims 61-63 and been used in the disclosed process of degrading 
20 organophosphorous compounds. Thus, appellants comments at page 36 are not persuasive. 



The rejection of claims 53, 54, and 60 under 35 U.S.C. 102 (b) as 
anticipated by McDaniel (AZ) 

25 

The comments at page 34 under "A. The Examiner's Rejection " are noted as appellant's 
summary of the stated rejection and is not persuasive of appellanfs position. 

In part °B. Appellants' Remarks ", (first two full paragraphs of page 35) assert that the reference 
30 is appellant's PhD dissertation and is argued as preliminary. The reference does however, disclose 
the claimed process as set forth in the above indicated ground of rejection. Appellant argues that the 
DNA sequence for the opd gene is not (fisclosed. This is not persuasive as the plasmid pCMS 1 
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contains same and the sequence is inherent to the gene, however, the rejected claims do not require 
nor recite any specific DNA sequence. Insofar as appellant professes difficulties in sequencing the 
DNA and/or the enzyme, the comments are not persuasive because present specification pages 22, 
24, and 25 recite utilization of known and routine procedures for sequencing (i.e., done for example 
5 according to the manufacturers instructions is not demonstrative of any difficulty) nor does the instant 
application indicate difficulties in sequencing. Thus, it is appellant's own application written description 
that does not support appellant's assertions in the present brief. In the second full paragraph of 
page 35, appellant's comment that the reference does not teach how to make the invention is clearly 
erroneous because it discloses how to conduct the process - i.e., treating organophosphorous 
10 compounds with an OPD enzyme where the enzyme is encoded by DNA in pCMS1 (which is the 
identical DNA in the present application written description that contains the DNA) and the reference 
teaches that the organophosphorous compounds are degraded (i.e., detoxified). Thus, appellant's 
comments are in error and are not persuasive. 

15 Insofar as appellants brief (page 34 last full paragraph) indicates that discussion of 

obviousness under 35 U.S.C. 103 is treated separately, claims 53, 54, and 60 in this rejection are 
rejected for anticipation. Thus, the comment regarding separate discussion for obviousness is not 
persuasive nor is it apparently discussed in the present brief. Thus, the comment is not persuasive. 
Insofar as appellant professes difficulties in sequencing, the comments are not persuasive because 

20 present specification pages 22, 24, and 25 recite utilization of known and routine procedures for 

sequencing (i.e., done for example accordng to the manufacturers instructions is not demonstrative of 
any difficulty) nor does the instant application indicate difficulties in sequencing. Thus, it is appellant's 
own application written description that does not support appellants assertions in the present brief. 



25 



The rejection of claims 61-63 under 35 U.S.C. 102 (b) as anticipated by or, 
in the alternative 35 U.S.C. 103 as obvious over McDaniel (AZ) 



30 



The comments (last full paragraph of page 35 to the end of the paragraph bridging 
pages 35-36) in the brief have been considered but are not persuasive. Appellant argues that the DNA 
sequence of the opd gene is not disclosed and argues that sequence information is/was not available. 
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The comments are not persuasive as for example the present brief (page 34) admits that sequencing 
was done. As pointed out above, where appellant professes difficulties in sequencing, the comments 
are not persuasive because present specification pages 22, 24, and 25 recite utilization of known and 
routine procedures for sequencing (i.e., done for example according to the manufacturers instructions 

5 is not demonstrative of any difficulty) nor does the instant application indicate difficulties in sequencing. 
Thus, it is appellant's own application written description that does not support appellant's assertions in 
the present brief. Appellant argues that the reference does not anticipate, however, appellant has 
presented no factual scientific evidence demonstrating any difference of the DNA encoding the enzyme 
and the enzyme produced therefrom as used in the process wherein organophosphorous compounds 

10 are detoxified as put forth in the reference as compared to the DNA in pCMS1 that encodes the 
enzyme. Therefore, the comments in the brief are not persuasive. 

At page 36, the discussion in the brief in what appellant indicates as ISSUE XII.", the comment 
that McDaniel teaches away in important regards is noted but is not persuasive for the reasons 
15 indicated in the stated ground of rejection and for the above indicated reasons. 



The comments at the bottom of brief page 36 and the paragraph bridging pages 36-37 have 
been considered but are not persuasive. The comments refer to Munnecke I and II, but does not make 
it clear which is reference I and which is reference II. In that regard, the Munnecke references will be 

25 referred to as Munnecke (AW) taken with Munnecke (CD). Contrary to appellant's assertions, the 
Munnecke AW and CD references do much more than just allude to treating pesticides, it disclosed 
processes using microbial enzymes in organophosphorous pesticide cleanup (see at least page 259) 
of containers, soil (page 260), and waste water (page 261) and states that the enzyme as is here 
recited in the appealed claims is used in processes for detoxification of organophosphorous 

30 compounds. 



20 



The rejection of claims 53-54 and 59-64 under 35 U.S.C. 103 as being 
unpatentable over Munnecke (AW) taken with Munnecke (CD), McDaniel et a/. (BY) 
and Gottlieb (US '959) 
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As to the Munnecke (CD) reference it appears that appellant would argue that it only indicates 
a crude enzyme. This is noted but is not persuasive. No appealed claim even calls for using a purified 
enzyme and appellant's allegations would appear to read limitations into the claims that are not present 
in the appealed claims. Here, the bacterial culture produces at least an enzyme that effects the 
5 detoxification reaction and is produced from and encoded by DNA within the bacterial cells wherein all 
DNA is recombinant. Thus, appellants assertions are not persuasive. 

As to the comment regarding the McDaniel et a/, reference, appellant makes the allegation that 
the reference is not prior art but is not a persuasive argument because the reference is legally by 

10 another to the present inventive entity, was published prior to the present application effective filing 
date. Moreover, as indicated above, where appellant has commented that the "Declaration of 
Invention" filed in conjunction with the present application is a "sworn satisfactory explanation" of the 
inventorship. The reference is cited qualifying art under 35 U.S.C. 102 (a) where the criteria are (1) by 
another (there is a difference between the named inventors and the named authors which is a different 

15 entity from McDaniel, Raushel, and Wld. Suffice to say, there is no declaration that is referred to by 
appellant McDaniel that meets the criteria set forth in Ex parte Hirschler, In re Kate, and In re Kusko 
since there is no disclaiming affidavit from any person who is not a named inventor and there is no 
disclaiming affidavit from any person who is a named inventor who states in the appropriate declaration 
format set forth in the In re Katz decision, and, the citation of In re Kusko is noted but is misapplied by 

20 appellant since the reference is applied as art under 35 U.S.C. 102 (a) and 35 U.S.C. 102 (a) is not 
35 U.S.C. 102 (f). There is no declaration stating anything with regard to Harper or Miller nor does it 
antedate any reference. The present inventive entity is McDaniel, Raushel, and Wld whereas the 
reference is by McDaniel, Harper, and Wld. Wien the names of McDaniel and Wld are removed from 
the reference, the name of Harper remains and the name of Raushel is missing from the reference. 

25 The reference is therefore by another and was published in 1988 which is prior to the present 
application effective filing date of 27 April 1989. Thus, the reference qualifies as prior art under 
35 U.S.C. 102 (a) which incficates the invention was known or used by others (the authors of the 
reference are not identical to the present inventive entity) in this country, or patented or described in a 
printed publication (the reference is a printed publication that is published in a major peer reviewed 

30 journal that is reacfily available and indexed so as to expecfite any search for the reference) in this or a 




Serial Number 08/252,384 Examiner's Answer - 49 - 

Art Unit 1804 

foreign country (the reference was published in the United States), before the invention thereof (the 
reference was published prior to the effective filing date) by the applicant for a patent by another. 
Insofar as appellant has in the parent application indicated willingness to file such a declaration, 
appellant has not done so. Therefore, the comments in appellant's brief are not persuasive. Thus : the 
5 reference qualifies as prior art under 35 U.S.C. 102 (a) which indicates the invention was known or 
used by others (the authors of the reference are not identical to the present inventive entity) in this 
country, or patented or described in a printed publication (the reference is a printed publication that is 
published in a major peer reviewed journal that is readily available and indexed so as to expedite any 
search for the reference) in this or a foreign country (the reference was published in the United States), 
10 before the invention thereof (the reference was published prior to the effective filing date) by the 
applicant for a patent by another. 

In the paragraph bridging pages 36-37, appellant alleges that the Munnecke I (presumed to be 
Munnecke (AW)) does not refer to a recombinant enzyme. This comment is noted but is not 

15 persuasive as all DNA is recombinant and therefore, the proteins encoded thereby are also 

recombinant. Thus, assertions regarding recombinant or not recombinant are not persuasive. As 
discussed above and in the stated ground of rejection, the comments such as general reference as to 
what appears to be the Munnecke (AW) reference is not persuasive. As to the Munnecke II 
(presumably the Munnecke (CD) reference, attention is cfirected to the stated ground of rejection and 

20 the above comments in the preceding paragraph which indicate that appellant's comments are not 
persuasive because as pointed out, no claim even requires a purified enzyme. The claims do not even 
contain the word. This paragraph then asserts that Gottlieb merely alludes to immobilized enzyme, 
however, the appellants comment is not persuasive because it discloses that such enzymes can be 
used to detoxify gaseous phase organophosphorous compounds (see at least col 3) where, in view of 

25 the combined references, it would have been obvious by logical deduction from the Gottlieb and the 
remaining cited references to one of ordinary skill in the art that organophosphorous degradation by 
the enzyme would have prevented contamination by pretreatment of an area with the enzyme which 
degrades the compound and that one known protective material is a gas mask. Thus appellant's 
comments are not persuasive. The iteration of the comment by appellant that the McDaniel et a/. 
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reference as not being prior art is noted but for all of the foregoing reasons that comments by appellant 
is not persuasive because it is wrong. 

The rejection of claims 53-54 and 59-64 under 35 U.S.C. 103 as being 
unpatentable over Munnecke (AW) taken with Munnecke (CD), and Wld et a/. (AT) 
and Gottlieb (US '959). 

The comments in what appellant calls "ISSUE XIV are noted but are not persuasive for the 
reasons indicated above with regard to Munnecke (AW) taken with Munnecke (CD), and Wld ef a/. 
(AT) and Gottlieb (US "959). It is noted that appellant asserts that Wld et al. teaches away from the 
invention for the above indicated reasons. Appellants "above indicated reasons" were not and remain 
unpersuasive as set forth in the preceding paragraphs of this examiner's answer. It is also pointed out 
that the presently rejected claims (in part ) do not recite a specific sequence, any sequence of DNA 
that encodes the enzyme is all that is needed and any protein of any amino acid sequence that has the 
function is all that is needed wherein the reference certainly discloses that there has been obtained the 
DNA and the protein that perform the function. It is not persuasive of appellant's position. As to 
appellant's prior comments regarding the obviousness rejection under 35 U.S.C. 103, the discussion 
asserts the Wld et a/, reference teaches away from the claimed invention but does not indicate how or 
what is relied upon for support of the assertion made. As pointed out above in the ground of rejection, 
the Wld ef a/, reference discloses exposing the organophosphorous acid anhydrase to 
organophosphorous compounds (see at least pages 629-630) as well as cloning and expression of 
DNA coding for organophosphate degrading enzymes from P. diminuta and a Flavobacterium. In the 
alternative where the sequence is not (fisclosed, routine sequencing would have resulted in 
determination of the sequence of the cloned DNA which would have resulted in the amino acid 
sequence- Wiere the purified enzyme was sequenced, absent factual evidence to the contrary, it 
would have been obvious that the enzyme (fisclosed in the reference has the same sequence as the 
enzyme in claims 61-63 and been used in the disclosed process of degrading organophosphorous 
compounds. Thus, appellants comments at page 37 are not persuasive. 
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The rejection of claims 55-57 under 35 U.S.C. 103 as being unpatentable 
over Munnecke (AW) taken with Munnecke (CD), McDaniel ef a/. (BY) and Gottlieb 
(US '959); or, under 35 U.S.C. 103 as being unpatentable over Munnecke (AW) 
taken with Munnecke (CD), and Wld ef a/. (AT) and Gottlieb (US "959) as applied to 
5 claims 53-54 and 59-64 above, and further in view of Grot et al. (US '650). 

It is noted that appellant presents that same arguments regarding the Munnecke (AW) and 
(CD) references, the Wld et a/, reference, and the McDaniel et al. references. Appellant's comments 
are not persuasive for the reasons indicated above. The reasons are applied here as indicated above 
10 as to each of the Munnecke, Wld ef a/., and McDaniel et al. references. It is noted that the appellant 
asserts that the references alone or combined do not teach or suggest the claimed invention but 
presents no reasoning in support thereof and is there fore not persuasive. 



In the paragraph bridging pages 37-38, it is noted that appellant's brief discusses the Grot ef 
15 al. reference by asserting that there is no teaching of using an organophosphorous degrading enzyme. 
The comments are not persuasive as all DNA is recombinant and therefore any protein produced 
therefrom is also recombinant. Moreover, from the combined references, one of ordinary skill in the art 
that organophosphorous degradation by the enzyme would have prevented contamination by 
pretreatment of an area with the enzyme which degrades the compound and that one such piece of 
20 protective equipment was a gas mask wherein Grot ef al. cfisclose masks that have been pretreated so 
as to provide protection from and detoxify at least in part organophosphorous compounds (see at least 
col 12 of Grot ef al.). It would have been obvious to one of ordinary skill in the art to impregnate masks 
(disclosed in Grot et al.) for the purpose of detoxification of airborne organophosphorous compounds 
using the embedded enzymes disclosed in Gottlieb wherein said enzymes are those obtained by the 
25 process disclosed in either of McDaniel et al. or Wld et a/, to effect a process such as disclosed in both 
of Munnecke references as modified by Grot ef al. and Gottlieb ef al. which disclose pretreating and 
embedding the materials to detoxify organophosphorous compounds wherein the method defined by 
the combined references would have been practices on a mask is a matrix which is a filtration device 
and is a gas mask. For these reasons, appellants comments are not persuasive. 



30 
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At page 38 of the appeal brief, appellant presents more commentary that is not addressed to 
any one specific rejection under 35 U.S.C. 103 and cites the Graham v. John Deere decision as to the 
criteria set forth for determining obviousness. 

5 As to the scope and content of the prior art, appellant's brief again discusses the McDaniel et 

a/, reference (paragraph bridging pages 38-39) by assertion of appellant's prior comments as sufficient 
to overcome the rejection. The commentary is noted but as pointed out above in the discussion of the 
claims 53, 54, 58, 59-63 under 35 U.S.C. 102 (a) as anticipated by or, in the alternative, under 35 
U.S.C. 103 as obvious over McDaniel et al. (BY), appellant's comments are and remain unpersuasive 
10 for the above indicated reasons as applied here. 

In the first full paragraph of page 39, appellant's brief again discusses the Harper et al. 
reference as not prior art and refers to appellant's reasons regarding the McDaniel et al. reference. 
The comments are not persuasive for the reasons indicated above in the discussion of the claims 53, 

15 54, 58, 59-63 under 35 U.S.C. 102 (a) as anticipated by or, in the alternative, under 35 U.S.C. 103 as 
obvious over McDaniel et al. (BY), appellant's comments are and remain unpersuasive for the above 
indicated reasons as applied here. Moreover, appellant's comments are also not persuasive for the 
reasons set forth in the ground of rejection of claims 53, 54, 58, 59-63 under 35 U.S.C. 102 (a) as 
anticipated by or, in the alternative, under 35 U.S.C. 103 as obvious over Harper et a/. (BX) and as 

20 explained in this section in response to appellant's comments which are applied here as indicated 
above. 

Appellants cfiscussion of the VWd et al. reference (item c, spans the bottom half of page 39 to 
the end of the first full paragraph of page 43) has been considered but is not persuasive. 

25 

The assertion that the reference does not teach the sequence of the opd gene is not 
persuasive since claims 53-60 do not require nor recite any specific sequence of a DNA used to 
encode the enzyme nor any specific amino acid sequence for the enzyme used in the process and 
where a sequence is recited, appellant has not demonstrated by factual scientific side by side 
30 comparison that the DNA that is disclosed in the WId et al. reference does not contain the identical as 
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now claimed or identical as appellant would now like to claim as sequence 6 of exhibit B. Here, VWId ef 
a/, have and did disclose the DNA that encoded the enzyme and used same to effect detoxification of 
organophosphorous compounds. Whether or not the DNA and the enzyme are sequenced, the 
sequence provides "information 0 and does not perse alter the composition of the DNA nor of the 
5 enzyme used in the process disclosed in the Wld et al. reference which process is that of the present 
claims. 

As to the assertion of not anticipating the difficulty the present inventors had in obtaining the 
sequence and initiation codon for expression, the comments are not persuasive because as discussed 

10 above, difficult is not the same as unsuccessful. Moreover, the cited reference is a demonstration of 
successful examples of cloning the gene which is the antithesis of appellant's assertion. Moreover, no 
claim perse recites any manipulation of the gene perse that is not obvious to do since the VWd ef a/, 
reference manipulates same as disclosed in the reference. As to the allegation of critical expression, 
the comment is noted but is not persuasive since there is no indicated criticality of expression recited in 

15 the claims nor is it apparent from appellant's written description as filed. Moreover, it is readily 

apparent that the DNA disclosed in the Wld ef a/, reference contained an initiation codon since Wild ef 
al. obtained expression of a protein that effected detoxification of organophosphorous compounds 
where it is known that for expression to occur in a bacterial system, that the DNA needs to have an 
ATG or the alternative start codon. Thus, appellant's comments are not persuasive as it would have 

20 been obvious to anyone of ordinary skill in the art that there was an intiation codon present. 

As to the allegation that Wld ef al. does not teach a means for overcoming any difficulties 
encountered by the inventors, the comments are not persuasive because the present application does 
not contain any indication of any difficulties encountered nor even suggest that there are any. In fact, 
25 appellant's written description appears to indicate that only routine procedures have been used as the 
present specification pages 22, 24, and 25 recite utilization of known and routine procedures for 
sequencing (i.e., done for example according to the manufacturers instructions is not demonstrative of 
any (fifficulty) nor does the instant application indicate difficulties in sequencing. Thus, it is appellant's 
own application written description that does not support appellant* s assertions in the present brief. 

30 
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Regarding the allegation of teaching away from the present invention, the comments are not 
persuasive. The comment does not indicate how or what is relied upon for support of the assertion 
made. As pointed out above in the ground of rejection, the Wld ef a/, reference discloses exposing the 
organophosphorous acid anhydrase to organophosphorous compounds (see at least pages 629-630) 
5 as well as cloning and expression of DNA coding for organophosphate degrading enzymes from P. 
diminuta and a Flavobacterium. In the alternative where the sequence is not disclosed, routine 
sequencing would have resulted in determination of the sequence of the cloned DNA which would 
have resulted in the amino acid sequence. 

10 Appellant also alleges that there is nothing to suggest the combination, however, the comment 

is not persuasive because where Munnecke (AW) disclose (page 258) that the enzyme was needed, it 
would have been obvious to one of ordinary skill in the art to combine the disclosures of Munnecke 
(AW) and Munnecke (CD) with that of Wld ef al. (AT) who disclose exposing the organophosphorous 
acid anhydrase to organophosphorous compounds (see at least pages 629-630) as well as cloning 

15 and expression of DNA coding for organophosphate degrading enzymes from P. diminuta and a 
Flavobacterium which enzymes would have been used in the disclosed process of degrading 
organophosphorous compounds set forth in both Munnecke references. Given the starting materials 
and teachings in the VWd et al. reference, it would have been obvious that the ordinary skilled artisan 
would have obtained the enzyme that was the same as that of the claims and which provides a source 

20 of the enzyme for use in the process set forth by both Munnecke references and Gottlieb who 

discloses that such enzymes can be used to detoxify gaseous phase organophosphorous compounds 
(see at least col 3). Moreover, it would have been obvious by logical deduction from the Gottlieb patent 
by one of ordinary skill in the art that organophosphorous degradation by the enzyme would have 
prevented contamination by pretreatment of an area with the enzyme which degrades the compound 

25 and that one such piece of protective equipment was a gas mask. Thus, one of ordinary skill in the art 
would clearly have recognized and used the combined references as all are directed to the same field 
of art, to the same invention, to the same subject matter, and to the solution of the same problem. 

For the above reasons, the items (1) through (4) in the item (c) of appellant's brief at page 39 
30 are not persuasive. 
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In the last full paragraph of page 39, appellant's brief asserts that there are four published 
versions of the opd gene of admittedly the same DNA (note the reference disclosure of 1300 bases 
which is the same number of bases that appellant asserts encode the enzyme) where the present 
5 application disclosure is yet another sequence for the same DNA. The brief in this paragraph asserts 
that there is no as yet fully agreed upon sequence. Insofar as there is no admitted fully agreed upon 
sequence, it is not apparent for the above indicated reasons that the sequence of the DNA from the 
Wld et a/, reference is incorrect. Absent such factual side by side comparison, appellant has no 
scientific comparison of the DNA disclosed in the Wld et al. reference to allege the DNA is not the 
10 same/identical DNA. Thus, appellants comments in the last full paragraph of page 39 are not 
persuasive. 

In the first full paragraph of page 40, appellant's brief comments that there was difficulty in 
obtaining the translational open reading frame for the opd gene. The comment is not persuasive since 

1 5 Wld et al. demonstrated obtaining the enzyme that effected detoxification of organophosphorous 
compounds that was produced from transcription and translation of a DNA in a transformed 
microorganism. This also demonstrates that contrary to the alleged "handful" of Pseudomonas genes, 
that this particular gene was and had been obtained wherein the DNA sequence of the disclosed DNA 
in the reference does not alter perse the DNA polynucleotide disclosed in the reference (the sequence 

20 (i.e., the information contained in the DNA) is an inherent part of the DNA. Moreover, the Wld ef ai 
reference indicates (page 632) that the same procedure has been utilized to enhance the expression 
of the initially cloned Flavobacterium gene (10)". Thus, the comments in this paragraph of appellant's 
brief is not persuasive. 

25 The commentary in the second full paragraph of page 40 in appellants brief is noted as to the 

admitted known ATG and GTG start codons and is persuasive that the disclosed DNA in the combined 
cited references which would have had the appropriate ATG start codon. As to the allegation of totally 
different codons for start codons, the suppositions in the brief are unfounded in any scientific or legal 
facts of record that is supported by the present application as originally filed (unexpected properties 

30 and other secondary considerations of success as argued by appellant in the present brief are not 
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supported by the instant application written description - see In re Davies and Hopkins, 177 USPQ 381 
(Fed. Cir. 1973), which indicates that while unexpected properties can be used to show 
unobviousness, those unexpected properties must be found in the application as filed and appellant's 
inability to correctly sequence the DNA and the protein is not an unexpected property of the DNA nor of 
5 the protein, rather it may be an unexpected property of appellant and appellant is not the claimed 
invention). Thus, the comments in appellant's brief are not persuasive. 

In the paragraph bridging pages 4041 , it is noted that appellant's brief asserts difficulties and 
failed to sequence the enzyme. Note that sequencing the enzyme to determine its amino acid 

10 sequence (the representation of the information content of the enzyme using symbolic notation) does 
not perse alter the enzyme (a composition of matter). It is also noted that the brief refers to 
specification page 9 as indicative of problems encountered in obtaining amounts of material of 
sequencing. The comment is noted but not persuasive because page 9 refers not to amounts of 
material but to "activity*. Activity is not an amount of enzyme. Moreover, as to the VWd ef al. 

1 5 reference, it is indicated therein that the enzyme is secreted into the culture medium (see page 629 
and 632-633 of the \Md ef al. reference which uses an inducible system for expression) and therefore, 
assertions regarding effective amounts of membrane associated enzyme as a necessity are not 
persuasive because the reference indicates that the membrane form of t he enzyme has been kept 
frozen for months without appreciable loss of activity - i.e., one has a large quantity of the enzyme 

20 since it can be stored for months and multiple batches of the enzyme can be combined. It is also noted 
that appellants brief refers to page 23, lines 10-34 and page 25, lines 8-13 as support for using fusion 
proteins, however, in view of the foregoing, and the present application written description of using only 
routine recognized protocols for sequencing, it is not apparent that using fusion protein is a necessity. 

25 In the first full paragraph of page 41 , the brief asserts the Wld ef al. reference is a preliminary 

report that does not teach the open reading frame. The comments are noted but are not persuasive 
since the reference discloses the process of detoxifying organophosphorous compounds using a 
recombinant enzyme wherein the process which produced the enzyme used a DNA that contained an 
open reacfing frame else the reference would have successfully obtained the enzyme product used in 

30 the process cfisclosed in the reference. The discussion of removing 250 bases and using Pstl sites is 
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also noted, however, the Wld ef a/, reference indicates that this is not the sole construct for expression 
of the DNA encoding the enzyme encoded by the 1300 bases. Thus, the comments in the brief are not 
persuasive. 

5 At page 42, it is noted that appellant's brief cites (and discusses) the Amgen Inc. v. Chugai 

Pharmaceutical Co. Ltd. decision and in the paragraph bridging pages 42-43 asserts that the amino 
acid sequence for the organophosphorous anhydrase was not known. The comments are noted but 
are not persuasive because for certain of the claims, no particular amino acid sequence for the 
enzyme is recited in the claims and where a DNA/amino acid sequence is recited, appellant has not 

10 demonstrated nor compared the DNA encoding the enzyme and the enzyme disclosed in the Wild ef 
a/, reference to that of the present application claims on appeal which appeal exhibit B is demonstrative 
of errors in appellants sequence (and is admitted to by appellant in prior responses and in the present 
brief). Thus, it is readily apparent that appellant does not and did not have a complete mental picture 
of the DNA nor of the amino acid sequence for the enzyme nor knew whether or not the DNA and the 

15 amino acid sequences were correct. Thus, the present application does not demonstrate that 

appellant had the complete mental picture of the invention since even now appellant's exhibit B does 
not contain a DNA or an amino acid sequence for the enzyme that contains no ambiguities. Where 
appellant admits of not having the complete or correct sequence, it is apparent that there is no 
complete mental picture. 

20 

In the first full paragraph of page 43, it is noted that appellant concludes that on the basis of 
additional ambiguities (exhibit B) that the Wld ef a/, reference should be removed. The comments are 
not persuasive for the reasons indicated in the stated ground of rejection and for the reasons in the 
preceding paragraphs of the examiner's answer. 

25 

It is also noted that there is no item d at page 43 of appellant's brief. It skips directly to item e 
and discusses the McDaniel (AZ) reference. Appellant argues the reference is preliminary, however., 
there is no indication in the reference of appellant's alleged "preliminary* nature. Appellant's 
arguments that no sequence is present in view of difficulties is noted but is not persuasive since this 
30 reference contains the identical DNA from pCMS1 which contains the DNA that encodes the enzyme. 




Serial Number 08/252,384 Examiner's Answer - 58 - 

Art Unit 1804 

Appellant has not demonstrated that the DNA disclosed in the reference is not the same in sequence 
and does not have the same sequence of amino acids in the enzyme. Appellant argues various 
unnamed and unspecified difficulties, however, appellants own application written description indicates 
that only routine amino acid sequencing protocols were needed to obtain the sequence. Thus, 
5 comments regarding the McDaniel (AZ) reference are not persuasive as it is readily apparent that even 
the present exhibit B contains an inaccurate DNA and therefore an inaccurate amino acid sequence. 
Thus, the comments in the brief are not persuasive. 



In the first full paragraph of page 44 it is noted that the response asserts a serious error in the 
10 sequencing and refers to table 9 on page 100, and discusses the start site. The discussion of what 
the skilled technician would not have used is noted but is not persuasive since pCMS1 can be used 
and the reference does in fact demonstrate that the enzyme was obtained via expression of the DNA 
present in pCMS1 or various other constructs made therefrom. Moreover, the reference discloses the 
DNA the effects the enzymatic function of organophosphorous detoxification and regardless of whether 
15 or not the DNA was sequenced (sequencing only adds information about the DNA it does not change 
the sequence of bases of the DNA that is being sequenced) one has the DNA of the claims where 
appellants present written description admits of only using routine known protocols for effecting the 
sequencing. Thus, the comments are not persuasive. 

20 In the paragraph bridging pages 44-45, appellant refers to page 98, lines 21-24 and page 101 , 

lines 1-2. Appellant argues that sequencing would require S1 nuclease mapping and or purification. 
These comments are noted, however, in order to use the DNA one does not necessarily need the 
sequence as the McDaniel (AZ) reference among other cited references clearly shows that others had 
also obtained expression of the DNA (without knowledge of the sequence perse) that resulted in the 

25 product enzyme. In any event, the issue is not the sequence of the DNA for the enzyme as what is 
claimed is a process of detoxifying organophosphorous compounds using an organophosphorous 
anhydrase which the reference clearly discloses. Here, appellant has not demonstrated that the DNA 
encoding the enzyme and the amino acid sequence of the enzyme are different from that set forth in 
the claims wherein appellants present exhibit B is a clear demonstration that appellant still cannot 
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define the correct sequence since sequence 6 of exhibit B contains ambiguities. Thus, the comments 
in the paragraph bridging pages 44-45 are not persuasive. 

The first full paragraph of page 45 is noted as directing attention to the absence of a molecular 
5 weight for the enzyme disclosed in the reference. The comments are noted but are not persuasive and 
not commensurate in scope to the claims. No claim requires not recites perse any molecular weight. 
Moreover, molecular weight is relative and is dependent upon the conditions used when estimated by 
chromatographic methods. Appellant's calculations in this paragraph are noted and correlate to the 
molecular weight of what would have been expected from a 1300 base pair fragment of which 

10 appellant admits that there was a band of about 65 kD. Insofar as appellant asserts that there are 
other bands, the comments are noted but not persuasive the molecular weight was not known as 
appellant has demonstrated that such is easily calculated, however, one would not have indicated that 
the 10 kD molecular weight was appropriate from appellants calculations, rather one would have 
logically used the 65 kD value since it is mathematically correct. Thus, the comments in the brief are 

15 not persuasive 

The paragraph bridging pages 45-46 in the brief asserts that it does not teach one how to 
make the invention. The comments are not persuasive because the reference discloses constructing 
plasmids used in transformed bacteria (i.e., recombinant DNA) which is used to produce the enzyme 
20 (i.e., a recombinant enzyme) and used the enzyme in a process that effected the detoxification of 
organophosphorous compounds - see the stated ground of rejection. Thus, appellant's comments as 
to the McDaniel (AZ) reference as not anticipatory is not persuasive nor does the reference teach away 
from the claims as for example the rejected claim 53 is fully met by the reference. 

25 In the first full paragraph of page 46, appellants brief asserts that both Munnecke references, 

the Gottlieb and Grot et af. references do not discuss methods of using recombinant enzymes (note 
that all DNA is recombinant and therefore all proteins produced from such DNA is also a "recombinant" 
enzyme. Here where appellant states a referral to their previous arguments, it is pointed out that 
appellants comments as discussed above are not persuasive. The above comments discussing why 

30 appellants are not persuasive are applied here as set forth above. 
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At page 46, appellant discusses what appellant perceives as the differences between the 
claims and the cited prior art and in particular to claim 53 with reference to the start signal. The 
comment that no reference teaches or suggests the claimed invention is noted but is erroneous as is 
5 the allegation of using the teaching of the application disclosure. The comment is noted and not well 
taken as no use of the present application disclosure is needed, used, implied, suggested, or inferred. 
For claim 53, there is no need in particular for any start codon since there is no recitation of same in 
the claim. Attention is directed to all of the above grounds of rejection over art. 

10 Claim 53 is reproduced below for convenience of the Board as demonstrative of the fact that 

there is no perse recitation of nor need for a start codon requirement by or in the claim. 

53. A method for detoxifying an organophosphorous compound comprising exposing 
said compound to recombinant bacterial organophosphorous acid anhydrase. 

15 Here, for example McDaniel (BY) sets forth exposing the compounds to the enzyme (see 

page 2307 under phosphotriesterase assay) where parathion is hydrolyzed (i.e., detoxified) via an 
enzyme produced from a DNA inserted into a plasmid (see page 2307), i.e., a recombinant enzyme. 
Moreover, Wld et a/, disclose exposing the organophosphorous acid anhydrase to 
organophosphorous compounds (see at least pages 629-630) as well as cloning and expression of 

20 DNA coding for organophosphate degrading enzymes from P. diminuta and a Flavobactehum. Thus, 
the claim is anticipated by the references and when combined with other references, makes all of the 
claims obvious Therefore, the assertion by appellant in the brief of using appellant's written 
description is erroneous and wrong. 

25 As to the assertion of no reference teaches purifying the enzyme, the comments are noted but 

are not persuasive since there is no claim on appeal that contains the word Isolating" or "purifying" the 
enzyme or the DNA. This assertion by appellant is not commensurate in scope to the present claims 
which contain no such limitation and to read appellant's limitations into the claims is improper. See to 
read into the claims, limitations from the table is an incorrect reading of limitations into the claims - see 

30 In re Zletz, cited supra. 
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In the paragraph bridging pages 46-47, the brief asserts that no reference or combination of 
references teaches/suggests a start site or characterized the sequence necessary. The comments are 
not persuasive for the reasons discussed above in regard to claim 53 wherein appellant has stated that 
all of the claims stand or fall together - see brief page 1 1 and the above paragraphs as well as the 
5 stated grounds of rejection which set forth the fact that the claims are rejected without resort to 
appellant's disclosure. Thus, the comments are not persuasive and allegation of using appellant's 
disclosure is not well taken. 

At page 47, the brief refers to seven limitations. As to the first point of few sequences for 

10 genes from soil bacteria, the comment is not persuasive since the issue is not whether or not other 
sequences were or were not known, rather it is the fact that the references cited in the grounds of 
rejection demonstrate that the DNA encoding the enzyme was known as is and was the enzyme that 
effected detoxifying organophosphorous compounds. As to the second point, the references cited in 
the grounds of rejection do not need nor require the prediction of a start site nor does, for example, 

15 claim 53 recite a start site, promoter, internal sequences, or terminators. Attention is directed to the 
above reproduction of claim 53. As to the third and fourth points of having a high G+C content, like 
point 2, it would argue reading into the claims (as for example claim 53) limitations that are not found in 
the claims. This is an incorrect interpretation by appellant of the appealed claims. The fifth point which 
argues the references teach away from the present invention is noted but for the above indicated 

20 reasons, the assertion in appellant's brief is not persuasive nor correct. The sixth point asserts that the 
references must lead one to make the combinations. This assertion in the present brief on appeal is 
unpersuasive because the stated grounds of rejection do indicate a reason for combining the 
references wherein Munnecke (AW) disclose (page 258) that the enzyme was needed, it would have 
been obvious to one of ordinary skill in the art to combine the disclosures of Munnecke (AW) and 

25 Munnecke (CD) with that of Wld et a/. (AT) who cfisclose exposing the organophosphorous acid 
anhydrase to organophosphorous compounds (see at least pages 629-630) as well as cloning and 
expression of DNA coding for organophosphate degrading enzymes from P. diminuta and a 
Flavobacterium which enzymes would have been used in the disclosed process of degrading 
organophosphorous compounds set forth in both Munnecke references. Given the starting materials 

30 and teachings in the Wld et al. reference or the McDaniel ef a/, reference, it would have been obvious 




Serial Number 08/252,384 Examiner's Answer - - 62 - 

Art Unit 1804 

that the ordinary skilled artisan would have obtained enzyme that was the same as that of the claims 
and which provides a source of the enzyme for use in the process set forth by both Munnecke 
references and Gottlieb who discloses that such enzymes can be used to detoxify gaseous phase 
organophosphorous compounds (see at least col 3). Moreover, it would have been obvious by logical 

5 deduction from the Gottlieb patent by one of ordinary skill in the art that organophosphorous 

degradation by the enzyme would have prevented contamination by pretreatment of an area with the 
enzyme which degrades the compound and that one such piece of protective equipment was a gas 
mask. Thus, one of ordinary skill in the art would clearly have recognized and used the combined 
references as all are directed to the same field of art, to the same invention, to the same subject matter, 

10 and to the solution of the same problem. Thus, the cited references also are properly combined and 
do teach and suggest the necessary elements for the claims which makes appellant's seventh and 
last point also unpersuasive. 

In the boldface type at the bottom of page 47 and the paragraph bridging pages 47-48, the 
15 brief against asserts that there is no teaching or suggestion of expression at levels necessary to 
achieve successful purification. The comments are noted but are not persuasive. No claim on appeal 
contains, uses, needs, nor recites the utilization of a purified enzyme. Attention is directed to the above 
reproduction of claim 53. In the appendix of claims, no claim recites the presence nor use of a purified 
nor even a purified preparation of the enzyme. Thus, the assertions in the brief are not commensurate 
20 in scope to the present claims. As to the assertions regarding heterologous promoters the cited * 
references, for example McDaniel et a/, and Wld et al. disclose using plasmids with a lac and a tac 
promoter respectively nor does any claim require the presence or use of a heterologous promoter and 
none are recited in any claim on appeal. 

25 In the first full paragraph of page 48, the brief asserts that no art suggests membrane 

associated protein could be expressed as an active protein. The comment is noted but not persuasive 
since Wld et al. at page 633 indicates that the membrane form of the enzyme has been kept frozen for 
months without appreciable loss of activity - i.e., one has a large quantity of the enzyme since it can be 
stored for months. Thus, the comments in the second paragraph of page 48 is not persuasive. 



30 
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At page 48 to the end of the paragraph bridging pages 49-50, the brief discusses the level of 
ordinary skill in the art. It is noted that the decisions in Standard Oil Co. v. American Cyanamid Co, Ex 
parte Chicago Rawhide Manufacturing Co., and In re Corkhill have been cited. While it is noted that 
the Standard Oil Co. v. American Cyanamid Co. decision indicates that one of ordinary skill in the art is 
5 not one who innovates, it is not necessary to innovate to take a disclosed plasmid containing a given 
gene and to place that DNA into other plasmids and host cells as that technique has been used since 
at least the inception of genetic engineering technology. Moreover, and more recently, In re Nilssen, 
7 USPQ2d 1500 (Fed Cir 1988), indicated that the hypothetical person of ordinary skill in the art is 
assumed to have knowledge of all prior art in the field of the inventor's endeavor, of prior art solutions 

10 for a common problem even if outside the field, and that for the purposes of combining references, 
those references need not explicitly suggest combining teachings, moreover, note the presently cited 
references in the grounds of rejection are a few of many references indicating the level of ordinary skill 
in the art. Wth regard to the motivation to combine (Ex parte Chicago Rawhide Manufacturing Co.) : 
note the In re Nilssen decision and the fact that all of the cited references are drawn to the same field 

15 of endeavor as defined by the claims in the present application. In any event as previously indicated, 
in the rejections, the cited references disclose foreign genes are expressed using vectors and are 
widely accepted for expression of proteins of agricultural and medical importance such that one of 
ordinary skill in the art would have been motivated to use the plasmids microbial host cells because the 
heterologous products produced are biologically active and produce recombinant products very similar 

20 to the authentic proteins and because the vectors effect expression of prokaryotic (here the 

organophosphorous acid anhydrase DNA, an agriculturally important protein since it catalyzes the 
transformation of various organophosphorous pesticides) or eukaryotic genes to produce fused or 
non-fused recombinant proteins for the advantage of abundant expression of recombinant proteins. 
Thus, given what was known in the art, one of ordinary skill in the art would have found it obvious to 

25 combine the references with known art recognized techniques to have arrived at the invention, see In 
re Donohue, 226 USPQ 619 (CAFC 1985) which at page 621, like here, possession of the invention is 
effected when one of ordinary skill in the art (at least a PhD with some postdoctoral experience) 
combines the references disclosing the DNA coding for the OPD enzyme on a given plasmid, and 
which DNA has been cloned by insertion into alternative vectors where absent factual evidence to the 

30 contrary, any other alternative vector and host cell would have been an equivalent substitute within the 
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purview of one of ordinary skill in the art. Here, as indicated in the In re Donohue decision, that 
description in the art would have sufficed to permit one of ordinary skill in the art to have combined the 
publications' written description with the ordinary skilled artisans' own knowledge to so as to have 
arrived at the claimed invention. Thus, applicants' specification has not been used, implied or needed 
5 to reject the claims and the Ex parte Chicago Rawhide Manufacturing Co. decision is distinguished and 
no use of hindsight is implied, used, intended, or applied for which the In re Corkill decision is 
distinguished. Note that the application of the requisite art to reject the claims is not hindsight and such 
allegations are not well taken. 

10 Starting at page 50, under secondary considerations, it is noted that the brief cites the Custom 

Accessories, Inc. v. Jeffrey-Allan Industries, Inc. decision as to long-felt unresolved need, commercial 
success, failure of others, and copying. The comments in the brief (pages 50-56) have been 
considered but are not persuasive for the reasons discussed below. 

15 Appellant first discusses the aspect of long-felt but unresolved need and states that safe and 

effective elimination/protection against the toxic effects of organophosphorous compounds is well 
known and refers to two television broadcasts. The first of which is apparently the 13 minute segment 
of NBC Today (exhibit D) at pages 26-28. Appellant asserts this transcript demonstrates long-felt 
unresolved need, however, the transcript does not state this. The transcript does not even appear to 

20 indicate that detoxification is a need as for example Warren Stickle indicates (page 27) that "there's a 
long history of usage of lawn care chemicals without any adverse effects to human health", i.e., just 
the opposite of long-felt unresolved need since it points to no the absence of any problem. The further 
discussion by Dr. Moses points to a health hazard to be sure, however, there is no indication with 
regard to necessity of or for a process for detoxification. The transcript refers to better labeling of the 

25 products - this is not a process of detoxification. In fact, at pages 29-31 the transcript asserts that one 
does not need to use chemicals in the first place. Thus, the first transcript (exhibit D) is not persuasive. 



30 



In the second full paragraph of page 51, the brief refers to exhibits F through K as a collection 
of pesticide fact sheets that are asserted to show concern regarding compounds such as ethyl 
parathion, Diazinon, fenitrothion, coumaphos, acephate, and malathion. The fact sheets do not 
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indicate any long-felt unresolved need nor even refer to the presently claimed process at all. Thus, 
reference and/or reliance upon exhibits F to K are not persuasive. 



In the second transcript ABC World News Tonight (exhibit C) the last full paragraph of page 51 
5 refers to a case of Diazinon poisoning, however, it does not demonstrate nor refer to any long-felt 
unresolved need nor is there any reference to any detoxification process nor any reference to the 
presently claimed process. Thus, the comments are not persuasive. 

In the first paragraph of page 52, appellant refers to a letter (exhibit N) to Ms. A. Levy and a 
10 letter to Dr. D. R. Eger (exhibit L and M). As to exhibit N, the letter does not indicate any long felt need. 
In fact, it is apparent from the letter that R. B. Tabakin is not even sure what the process is that is 
available (nor does the letter indicate what technology is being referred to) nor does the letter appear 
to even refer to the presently claimed process. Exhibit L like the others, does not demonstrate any 
long-felt need and research, exhibits L and M, are definitely a not long-felt need. 

15 

In the paragraph bridging pages 52-53, it is noted that the brief also refers to exhibit A, the 
article in the New York Times . The comments are not persuasive of any long-felt need nor does the 
article even refer to the presently claimed process as a long-felt unresolved need. Funding for 
research is not and does not demonstrate any long-felt unresolved need nor demonstrate any 
20 commercial success in the face of an admitted in the brief, nonexistent market. The fact that the U.S. 
Army has a stockpile of the pesticide and has defined a route of eliminating the pesticide by burning 
same does not establish a need for the DNA, the vectors, host cells, or a process utilizing recombinant 
DNA technology to use the enzyme. Thus, the comments are not persuasive nor demonstrate any 
nexus to commercial success. Research is not a commercial use of the process as presently claimed. 

25 

Under the heading of (asserted) commercial success, the brief refers to a pilot scale process 
but has provided no factual documents for same. The same exhibit M is referred to but no facts are 
presented as to what is part of the development phase and what was to be done and research does 
not demonstrate commercial success. This does not translate into a showing of commercial success 
30 especially where as admitted in the response, appellant have no data showing the process to be 
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effective in any commercial endeavor and in the last full paragraph of page 53 admit that there is 
effectively, none. Appellant admits the market is undeveloped. Thus, contrary to appellant's 
comments, there is no nexus established as for example, there is no apparent factual evidence of 
licensing (see for example Stratoflex, Inc. v. Aeroquip Corporation, 218 USPQ 871 (Fed Cir 1983) nor 
5 are there any facts of record as to any recognition and acceptance by competitors nor is there any 
delineation of others in the industry (where appellant would admit of no industry at all since appellant 
admits it is not developed). 

It is noted that appellant refers to employment of Serdar at Amgen and infers that Amgen 
10 would not provide funding for projects with no commercial success. So noted, however, it is 

unpersuasive. There are no declaratory facts to this effect from either Serdar or Amgen. Moreover, 
the inference regarding Amgen and commercial success appellant puts forward is not reflected in the 
1989 Serdar ef a/, reference. Insofar as appellant asserts the work carried out by Serdar ef al. was 
done despite the cited references, Serdar et al. are not the present inventors and there is no 
15 declaratory statement to that effect from Serdar. Thus, the comments in appellant's brief are not 
persuasive. 

The comments in the response at page 54 assert copying by others and cites Specialty 
Composites v. Cabot Corp. decision. Neither the Serdar ef al. nor the Mulbry et al. references indicate 

20 that they copied from appellant. Here, the Mulbry ef a/, reference indicates that the strains were 
previously described cites reference 10 and 17 from the Mulbry ef al. reference where reference 10 is 
a reference by Mulbry and Karns 1989 (Appl. Environ. Microbiol. 55: 289-293) and Sethunathan et al. 
(neither of which is appellant). As to the Serdar ef a/. 189 [sic) reference it appears to be the 1989 
reference. That 1989 Serdar ef a/, reference (page 1 15) in the left column refers to the authors' own 

25 early work. The Serdar et a/, authors are not appellant and can hardly be said to have copied from 
appellant when the Serdar et al. authors refer to their own work. In view of the foregoing, appellant's 
assertion of copying by others is not persuasive. Thus, the Specialty Composites v. Cabot Corp. 
decision is distinguished. 
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Appellants brief at page 55-56 asserts the failure of others, however, that is not apparent from 
the successful examples presented in the cited prior art. The comments in the brief do not establish a 
competitive commercial market nor demonstrate commercial success, do not demonstrate praise of 
independent commentators nor any performance benefits of the DNA, the vectors, and the host cells. 
5 Note that one cannot infringe a nonexistent patent nor do the facts of record presented in the response 
establish same, thus, the S.C. Johnson & Son, Inc. v. Carter-Wallace, Inc. decision cited by in the brief 
is distinguished. At page 56 it is noted that the brief asserts that others failed to identify the start signal , 
the sequence of the gene, express the protein from the gene, and transform eukaryotic cells with the 
gene. The comments are noted, however, they are not persuasive because without identification of 

10 the start signal, others as set forth in the cited grounds of rejection were able to effect expression of the 
DNA to produce the enzyme (i.e., the start signal was present in the constructs used) and where the 
cited references contain the DNA encoding the enzyme, the DNA contains the sequence (sequencing 
a DNA does not alter the DNA perse nor its sequence). Moreover, the cited references disclose that 
expression of the DNA was obtained in the form of the enzyme encoded by that DNA and thus, 

1 5 appellant's comments in the brief are not persuasive as to inability to produce the enzyme. The 
comments also assert failure to transform eukaryotic cells. The comment is noted but is not 
persuasive as it is known in 1988 to use eukaryotic cells to express heterologous DNA and Munnecke 
(AW) at page 262 indicates that eukaryotic organisms are already known to metabolize malathion. 
Aspergillus is a eukaryote and the DNA contained therein is recombinant. Thus, appellant's comments 

20 regarding asserted failure is not substantiated by factual scientific data. 

In view of the foregoing, appellants assertion of compelling nonobviousness is unpersuasive. 
The conclusions presented in the last full paragraph of appellants brief at page 56 is noted but is also 
unpersuasive for the reasons set forth above. Here, each refrence in the rejections under 
25 35 U.S.C. 102 and the combined references used in the rejections under 35 U.S.C. 103 disclose a 
method for detoxifying an organophosphorous compound comprising exposing said compound to 
recombinant bacterial organophosphorous acid anhydrase. For the above indicated reasons, the 
above rejections should be affirmed. 

30 Respectfully, 
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COMPAKlSON OF opd SEQUENCE DISCLOSED 
IN PATENT APPLICATION SERIAL NO. 07/344,258 
TO PUBLISHED SEQUENCES 



1 = Patent Application 

2 = McDartiel et al. (1988) 

3 = Harper et al. (1988) 



4 = Serdar et al. (1989) 

5 = Mulby & Karns (1989) 

6 = Corrected Sequence 
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CTGACTCGGCACCAGTCGCT 30 
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GCAAGCAGAGTCGTAAGCAATCGCAAGGGG 
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consensus start codon 



[ ]= a blank space means identity (homology) with the sequence in 
the patent application 



a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 
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T C T 


G C G 


G C C 




ii 


1 1 



G C 

1* 



G G C 




GATCGATCGGCACAGGCGATCGGATCAATA 180 

G C 
G C 



*0( 



C-GTGCGCG-TCCTATCACAATCTCTGAAG 210 
2 _ _ 



C 
C 
C 



G 
G 
G 



CGGGTTTCACACTGACTCACGAGGACATCT 240 



C 
C 
G/C 



Mulby and Karns (1989) cite in their Fig. 5 that Harper 
et al. (1989) has a "T" at this position. That is incorrect. 
Harper et al. show a W C" at this position. 



I )= a blank space means identity (homology) with the sequence in 
the patent application 

[-1= a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 
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GCGGCAGCTCGGCAGGATTCTTGCGTGCTT 270 
C G - 

C G - 



GGCCAGAGTTCTTCGGTAGCCGCAAAGCTC 300 



?/C 



1 TAGCGGAAAAGGCTGTGAGACGATTGCGC - 330 
2 

3 C 

4 G C 

5 G C 

6 G C 



1 GC--CAGAGCGGCTGGCG-GCG 
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T 
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tit 

T G C GjA A C G 360 



1 ATTGTCGATGTGTCGACTTTCGATATCGGT 390 
2 

3 

4 

5 

6 



1 CGCGACGTCAGTTTATTGGCCGAGGTTTCG 420 
2 

3 

4 

5 

6 



[ ]= a blank space means identity (homology) with the sequence in 
the patent application 



[-)« a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 
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1 CGGGCTG'CCGACGTTCATATCGTGGCGGCG 450 
2 

3 - 

4 

5 

6 



1 ACCGGCTTGTGGTTCG. ACCCGCCACTTT. CG 480 
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5 

6 



1 ATGCGATTGAGGTATGTAGAGGAACTCACA 510 

2 

3 

4 AG 

5 AG 
6 
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C - A G T T C TTCCTGCG-TGAGATTCAATATG 540 
T G 
T G 



1 
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GCATCGAAG-ACACCGGAATTAGGGCGGGC 570 

T 
T 



1 ATTATCAAGGTCGCGACCACAGGCAAGGCG 600 

2 

3 

4 

5 

6 



[ )■ a blank space means identity (homology) with the sequence in 
the patent application 

{-]« a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 

Page 4 




1 ACCCCCTTTCAGGAGTTAGTGTTAAAGGCG 630 
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1 GCCGCCCGGGCCAGCTTGGCCACCGGTGTT 660 
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5 
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1 CCGGTAACCACTCACACGGCAGCAAGTCAG 690 

2 

3 

4 

5 

6 ^ 



GjCAGGCCGCCATTT 720 



1 CGCGATQGTGAGC|G\AG 
2 
3 
4 
5 

,-, v 

1 TTGAGTCCGAAG-CTTGAGCCG-TCACGGG 750 

2 - 

3 

4 G C 

5 G C 3 

6 G C 



Incorrectly left out of Mulbry and Karns as a 
difference in Fig. 5. 



t ]= a blank space means identity (homology) with the sequence in 
the patent application 

[-)= a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 
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1 TTTGTATTGGTCACAGCGATGATACTGACG 780 

2 
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1 ATTTGAGCTATCTCACCGCCCT-GCTG--C 810 

2 _ 

3 _ _ 

4 C C G 

5 C C G 

6 C C G 

1 GCGGATACCTCATCGGTCTAGACCACATCC 840 
2 

3 

4 

5 

6 



1 CGCACAGTGCGATTGGTCTAGAAGATAATG 870 
2 

3 

4 

5 

6 



1 CGAGTGCATCACCGCTCCTGGGCATCCGTT 900 
2 

3 

4 G C 

5 G C 

6 G C 

1 CGTGGCAAACACGGGCTCTCTTGATCAAGG 930 
2 

3 

4 

5 

6 



( J» a blank space means identity (homology) with the sequence i 
the patent application 



(-)= a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 
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1 C G C T C A T C G A C C A A G G C T A C A T 6 A A A C A A A 960 
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6 



1 TCCTCGTTTCGAATGACTGGCTGTTCG'GGT 990 



2 
3 
4 
5 
6 



1 TTTCGAGCTATGTCACCAACATCATGGACG 1020 



2 
3 
4 
5 
6 



1 TGATGGATCGCGTGAACCCCGACGGGATGG 1050 



2 
3 
4 
5 
6 



1 CCTTCATTCCACTGA 4 GAGTGATCCCATTC - 1080 



2 
3 



6 



Stop codon postulated by patent application. 



[ ]= a blank space means identity (homology) with the sequence in 
the patent application 

(-)« a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 
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1 TACGAGAGAAGGGCGTCCCACAGGAAACGC 1110 
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3 

4 

5 
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TGCCAGGCATCACTGTGACTAACCCGGCGC 1140 
G 
G 
G 
G 
G 



G G T T C 




5 

I 



0 



GTCACCGAC-TTGC---CGTGC 1170 



o 



c 
c 
c 



G 
G 
G 



G 
G 



■?5 •? 



ATG ACGC.CATCTGGATCG 



T T C 



CACGCAGCG 1200 



G 
G 



1 
2 
3 
4 
5 
6 



GCCACTATTCCCCGTCAAGATACCGAACGA 1230 



C G 



s Inventors have not re-seguenced the DNA 3' of this 
point since it most likely is not included within the open 
reading frame. 

6 Stop codon postulated by Mulbry and Karns/Serdar et al. 

[ ]= a blank space means identity (homology) with the sequence in 
the patent application 

(-)« a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 
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1 TGAAGTC'GCGCATC'GATCGATAGGCATCTT 1260 

2 

3 

4 
5 

6 ? ? ? ? 

1 CAATGTGATCAGGGCTGCCACCTCCAAAGC 1290 
2 
3 
4 

5 T 



7 



6 ? ? 



1 CGGTGGCCACCCCTGTCGATAGTCTTGAGG 1320 

2 

3 

4 

5 

6 



1 GACGGTAGCGACGACCGTGCTTTTCGTGAA 1350 

2 

3 

4- - GCAC 

5- - GCAC 

6 



1 C T 6 C A 6 1356 
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3 

4 

5 

6 



fi«*MiT|niiYrrim 



Mulbry and Karns incorrectly show Harper et al. places 
a "C M here. 



I )" a blank space means identity (homology) with the sequence in 
the patent application 

[-)= a hyphen means a base is missing in the sequence in which 
hyphen occurs but which base occurs in another sequence 
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[36] High-Sensitivity Sequencing with a 
Gas-Phase Sequenator 
By Michael W. Hinkaimi.ler. Roovn> \j. Hkwick 
William J. Dreyer, and Leroy E. Hood 

Since its introduction in 1967, automated Edman degradation has been 
he most widely used method for the direct determinaL of the pn ma v 
structure of proton,.. Both the liquid-phase, or spinning-cup seouena'or 
developed by Edman- and the so.id-phase sequenator developed by La r 
sen* have been available commercially for a decade the fol/r r 
Beckman Instruments (Palo Alio. California) ^d h l Z 

Each has advantages for particular sequencing applications Th e 

hTuTe^orvr^ °^ rsim P licit ^f-m pI etp P ^cation and, i h 
the use of Polybrene,* can be used to sequence both nmfpinc » n A 
tkta. However, they were designed ^r^ofX^^Z 
large quantu.es of sample (a few hundred nanomoles) and reTu^e u? G e 
volumes of reagents that are difficult to obtain in sufficLTpTrity for 
m.crosequen C mg applicaUons. The solid-phase sequena or" w er e de 
signed for handling much less sample and can be used for horh n , 
and peptides. However, because they ^c^^t'lTZ 
ample to a sohd support, they require an initial chemical treatmem of tt 
ample that often results in substantial loss of material even bete L 
sequencing experiment itself begins. 

A new type of sequenator. one that employs gas-phase reaeents in 

haTbelT'tT/^ 15 at CridCaJ P ° in?s * the Edman deS io " 
111 T H eSCnb r e u ThiS gaS - phaSC *V««or offers the simplicity of 
onJnh - n8 ° f thC , P iBna *«P "quenators. the miniaturization" f the 

SSSTLHT 8 ^ VerSatiUty ° f SCqUCnCing b0th P^^nfand 
peptides, and the use of reagents that are easily purified. It provides 

supenor; performance, in terms of repetitive cycle'yield and leTgufof 

sequence obtainable, to both spinning-cup and solid-phase methodoLv 

cI^hT 01 " 115 , (,0 - ,0 ° nm0,) ° f are av ^e Moreover U 

can be used to analyze proteins and peptides with as little as 5 and 50 

' P. Edman and G.- Begg. Eur. J. Biochem. 1, 80 (1967). 
R. A. Laursen, Eur. J. Bioeltem. 20, 89 (1971). 

« R M H* 7 ' V,?^? M - BeM ' Md D " J " McKean. A«i/. Biothem! 84. 622 (1978, 
T^oS """^i"". L " E- Hood, and W. J. Dre ycr.y. Bio). Cw Ss, 
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pmol, respectively, amounts below the capability of the other types of 
sequenators unless the sample contains intrinsic radiolabel. In the follow- 
ing report, we describe the design and operation principles of this gas- 
phase sequenator. 

■ - 

Reagent Preparation 

Reagents and solvents used in automated Edman degradation must 
undergo rigorous purification to eliminate impurities that would otherwise 
interfere either with the Edman chemistry itself or with subsequent analy- 
sis of phenylthiohydantoin (>PhNCS) amino acids. Satisfactory purifica- 
tion methods for the sequenator chemicals are described below; chemicals 
of appropriate quality are also available from Applied Biosys terns (Foster 
City, California). The chemicals, once purified, are generally stable for at 
least 6 months if they are protected against new contamination or break- 
down. This requires storage in the dark under argon, in Pyrex vessels 
sealed with Teflon-lined enclosures. When fresh supplies of the chemicals 
are loaded into the sequenator reservoirs and these are attached to the 
sequenator, the air space above the liquid level must be purged with argon 
using the reservoir vent and pressurize system in order to prevent atmo- 
spheric contamination. 

Reagent /. The coupling reagent is a 17% phenylisdtruocyanate solu- 
tion in/i-heptane. The phenylisothiocyanate is purchased in 2.5-ml sealed 
vials from Beckman Instruments and used as is or redistilled under vac-^ 
uum at 0.2 mm Hg (bp 40°). Heptane is obtained from Burdick and 
Jackson (Muskegon, Illinois). It is stirred for 1 hr with alumina (Activity I, 
Woelm Pharma, Federal Republic of Germany), filtered through a fine-frit 
sintered-glass funnel, and distilled under argon in a twisted Teflon spin- 
ning band column (Part Nos. 40T and 450-6, B/R Instruments, Pasadena, 
Maryland). The reagent solution can be stored in a desiccator (anhydrous 
CaSO<) for at least 2 months without decomposition. 1 ' 

Reagent 2. The coupling buffer is a 25% trimethylaniine solution in 
water. Anhydrous trimethylamine (Eastman Organic Chemicals, Roches- 
ter, New York) is purified by refiuxing with phthalic anhydride (Mathe- 
son, Coleman, and Bell, Norwood, Ohio) at 5° for 2 hr and distillation 
through a Pyrex column filled with phthalic anhydride into a receiving 
flask cooled in a dry ice-acetone bath. Water is deionized and distilled in 
an automated glass still (Megapure 6, Corning Glass Works, Corning, New 
York). The reagent solution is stored at -20° in a 250-ml centrifuge bottle 
(Part No. 1261-200, Corning), sealed with a Kalrez O-ring (Part No. AS- 
568A-214-I050, E. I. DuPont de Nemours and Company /.Wamington,, 
Delaware), and Teflon-lined screw cap. When the reagent solution is 
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loaded into the sequenator and used, the more vnlntiiA rr.* m .»k i 
tend to bubble off .eaving behind the ^^^Sff^ 
centrat.on of base. Therefore, the used reagent should be replS wi, h 
fresh reagent when the reagent volume in the reservoir decreases ^ h 7 
85% of the initial amount. aecreases to below 

^agent 3. The cleavage reagent is anhydrous trifluoroacetic acid Th* 
acid (Eastman) ,s first distilled under dry argon from Cr lQj in a 30 cm 
Widmer column. The fraction boiling at 72° is stirred wi.h !i • 

fr ° m a,Umina -d redisU,.: d " deTfrgo^om 
d.th.othre.tol (50 mg per 100 ml of acid, Ultrol grade CalbiochJL i 
Jolla Cahfo^a) DithiothreitoI (10 mg ;„ m , ^hTZ^^ 
punned reagentjust before the acid is loaded into the sequenator 

Reagent 4. The conversion reagent is a 1 N methanolic HQ solution 
prepared according to Tarn' Acetyl chloride (J. T. Baker Chen^caTSr 
pany, Phdl.psburg, New Jersey) is distilled (bp S?) in a^^S^ 

aS l^™*? ^ fi,trati ° n thrOUgh a fine - frit Entered- j^un^el 
and d,stillat«on under argon in the spinning band column. In orter to mrte 

t^\Z^ &ao1 05 m,) in an ice ba * - add *• 55 

Solvent J. Benzene (HPLC grade, Baker) is stirred for 1 hr with 
^W ^iWft smtered4la«^^S-£t^ 
under argon m-the sp.nn.ng band stfli: DithiothreitoI (10 mg per liter of 
benzene) ,s added to the solvent just before it is foade Unto 
sequenator. Dissolution of the dithioireitol is effect d by 1mm SLtf 
the solvent reservoir in an ultrasonic water bath for a few seconds 

pemure w.th ; continued stirring, and fij^ thJ£XS£ZZ£ 
rfSSEft * S ,,Cd U u dCr arg ° n fr ° m dithi <"»?eitol (lOO^S 
EtfS2 1 I f ? mmne band CO,umn - Acctic ac * (0-5 ml per lite of 
TmaI? ^'J?: 8radC ' Baker) and ^hibthreitol (20 mg per i ter 
sequent. ^ * ^ "'^ J ' USt before il * «° a ^ Lo Z 

^uitr'/u I *? 1, ° robutane < B «rdick and Jackson) is stirred for 1 hr with 
alumina, filtered through a fine-frit sintered-glass funnel and disced 
Bnrn arE0 ^ '!! Spinnin 8- band still. DithiothreitoI (10 m per £ of 
BuCI is added to the solvent just before it is loaded into th? sequel or 
D.ssolut.on of the dithiothreitol is effected by immersio of 
reservo.r ,n an ultrasonic water bath for a few seconds. 

• G. E. Tarr, Anai. Biochem. 63, 361 (1975). 
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Solvent 4. Methanol is prepared as described above for reagent 4 
Dithiothreitol (.10 mg per liter of MeOH) is added to the solvent iustl befn- 
it is loaded into the sequenator. wiore 



Sample Preparation 

There are three prime considerations for. preparation of protein or 
pept.de for sequence analysis by the sequenator. These are (a) absence*/? 
nonvolatile (or 1-chiorobutane-insoluble) buffers or salts; (b) use of hfoh 
purity reagents; and (c) ability to concentrate the sample solution to a 
small volume (25-30 Suitable sample loading solutions include dis 
tilled water and aqueous solutions of acetic acid, trifluoroacetic acid 
ammonia ammonium bicarbonate, ammonium acetate, or sodium dodecyi 
sulfate (SDS) (electrophoresis grade. Bio**!. Richmond, CalifonS 
Reagent (or h,gher) grade chemicals must be used in order to prevent 
amino-terminal blockage of proteins. Formic acid, formate salts aid 
pyndmium salts are not recommended because they are frequently con 
laminated with amino-reactive impurities. A dilute (0. 1%) solution of SDS 
is a convenient sample loading solution because the detergent isTaood 
protein solubUizer and minimizes adsorption of protein to Sol pS 
The latter characteristic is particularly important when dilute solutions of 
small quantit.es of proteins must be handled. The SDS also promotes 
redissolutiori of proteins concentrated to dryness from volumes of solution 

™ h^J^T Vemem l0ading int ° the s «I u «>a*°r. A convenientand 
rapid method of concentration is to place the sample solution in a 1.5-ml 
plastic conical centrifuge tube and evaporate the liquid with a gentle 
stream of nitrogen directed onto its upper surface. 

Sequenator Design 

The design of the sequenator has been described in detail by Hewickrf 
at and is depicted schematically in Fig. 1. A sequenator based upon this 

S^ S , CUrTe fr aVa i able fr0m AppUed Batons. Argon (or nitro- 
gen) ,s delivered through a series of filters and regulators to pressurize the 
reagent and solvent reservoirs. The argon pressure is used to force liquid 
or reagent gas from the reservoirs through a manifold of zero-holdup, 

v! ^" 3 ? M ted ;u diaphragm Valvcs t0 *e reaction cartridge. Other 
valvemamfoldsofthesame type direct effluent from the cartridge Tto waste, 
vacuum or a second reaction vessel where the anilinothiazolinones re- 

Z^fn, ^ ,he , t protein in the cartrid S« ^ converted to phenylthiohy- ■ 
dantoms. The latter are transferred with solvent to 300- M l tubes in a small 
fraction collector, where they are stored pending analysis. The valves 
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controlling all reagent, solvent, and argon transfers can be operated man- 
ually or automatically by a solid-state electronic programmer. The only 
materials in contact with reagent and solvent gas or liquid are Pyrex glass, 
Teflon, Kel-F, Kalrez, and stainless steel (vacuum train and reservoir vent 
manifold only). 

The vacuum effluent from the reaction vessels passes through a stain- 
less steel or Pyrex trap immersed in liquid nitrogen before it reaches the 
pump. Other liquid wastes or gaseous exhausts are passed into a Pyrex 
waste bottle vented to an exhaust hood in the laboratory housing the 
sequenator. Water (150-200 ml) is added to the waste bottle after each 
time the liquid waste accumulation is dumped. The water prevents salt 
crystal formation in the lines leading into and out of the waste bottle. The 
vacuum trap must be emptied every 2-4 weeks, depending on the size of 
the trap, and the vacuum pump oil should be changed every 4-6 weeks. 

The protein or peptide is immobilized along with Polybrene by adsorp^ 
tion onto a glass fiber disk (GF/C Glass Microfibre Filter, Whatman Ltd., 
England). The glass fiber disk is contained in a reaction cartridge con- 
structed from two cylinders of Pyrex glass rod (1-inch diameter x 1-inch 
length) with finely ground, vacuum-flat surfaces at both ends (Wilmad 
Glass Company, Buena, New Jersey). Each piece of glass is machined 
ultrasonically (L. C. Miller Company, Monterey Park, California) so that, 
it has a 0.5-mm-diameter central capillary flared out to a 1.2-cm-diameter 
conical recess at one end. The recessed ends of the two glass cylinders 
are clamped together in a metal cylinder to form a central chamber. A 
porous, fibrous Teflon disk (Zitex filter membrane, extra-coarse grade, 



GLASS FILTER 
F6ER DISC 



FLOW 



PYREX GLASS 



RELIEF FLOW porous teflon 

SHEET 

2 mm 

Fig. 2. Enlarged detail of reaction chamber. 4 
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WtNOOw 



T 
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Fig. 3. Cartridge assembly. A, inlet aluminum fitting; B, inlet Teflon tubing; C, aluminum 
cap; D. Teflon washer; E t keyed aluminum washer; F, 304- stainless steel cartridge body; G. 
Pyrex glass rod; H, aluminum locking ring; I. aluminum mounting base; J, outlet aluminum 
fitting;. K, outlet Teflon tubing. 4 

Chemplast, Wayne, New Jersey) is'crushed between^ the "abutting glass 
surfaces to effect a vacuum-tight seal and provide a physical support for 
the glass fiber disk. An enlarged r detaif of this arrangemeht-is shown in 

Fig: 2; ' "'■ ---.-■'i- * ■'• • r\: r r -;:^s;-. 

A diagram of the entire reaction cartridge is shown in Fig. 3. The glass 
capillary openings at the ends of the reaction cartridge are connected to 
flanged Teflon tubing (0.3 mm i.d.) held against the glass surfaces by 
aluminum fittings. Access to the cartridge interior is achieved by loosen- 
ing the upper tubing fitting, unscrewing the aluminum retaining cap, and 
removing the keyed aluminum washer, upper Teflon washer, and upper 
glass cylinder. Used Teflon and glass fiber disks can be removed and 
replaced with new ones and the cartridge can be reassembled by reversing 
the order of the disassembly steps. The keying of the aluminum washer 
into the stainless steel cylinder prevents rotation of the glass cylinders 
relative to each other or to the rest of the cartridge assembly when the 
aluminum retaining cap is screwed into place. 

The sequenator is equipped with a second reaction chamber that al- 
lows automated conversion of the amino acid anilinothiazolinones ex- 
tracted from the cartridge to >PhNCS amino acids. The apparatus (Fig. 4) 
is adapted from that described by Wittmann-Liebold et «/. 6 It consists of 
a conical, Pyrex vessel with connections to four capillary feed or exit 
lines. 



i chamber. 4 



• B. Wittmann-Liebold, H. Graffunder. and H. Kohls. Anal. Biochcm. 75, 621 (1976). 
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Fig. 4. Phenylihiohydantoin amino acid conversion flask.. A, Pyrex vessel; B, water 
jacket; C, water bath port; D. vacuum/waste port; E, reagent/solvent delivery port; F, 
l-chlorobutane extract delivery port; G, argon delivery/waste/fraction collector transfer 
port; H. nylon compression fitting; I, Teflon tubing fitting; J, O-ring groove. 



The four lines provide (a) delivery of anilinothiazolinqne solution from the 
cartridge; (b) delivery of conversion reagent, extraction solvent, and ar- 
gon; (c) venting to waste line or evacuation by vacuum pump; and (d) 
delivery of argon into the flask, transfer of >PhNCS amino acid solution 
to the fraction collector, or transfer of liquid from tl}e flask to the waste 
bottle. The delivery and removal functions are controlled by a series of 
the Teflon diaphragm valves described above. Tubing connections and 
seals are made by tightening interfitting, screw-thread connectors together 
to compress a Kalrez O-ring between a Teflon plug and a radial flange on 
the end of each of the capillary glass tubes protruding from the flask. The 
small internal volume (2 ml) of the flask and the sharp taper near the 
flask's lower tip allow efficient removal of >PhNCS amino, acids with 
approximately 250 id of solvent: 

Sequenator Operation 

The sequenator program is listed in Table L The cartridge and flask 
programs run concurrently and are synchronized to prevent simultaneous 
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TABLE I 
Sequenator Program 



Cartridge functions 



Flask functions 



Step 
time 
(sec) 



Volume 
(ml) 



1 

1 


Pf*CCrirtT* 
r I C55U( IZC 


•1 


Pressurize, vent; R3 pressurize. 






3 


fvj uctivcr 


4 


Pr^CCMriT* ii.nl 


5 


VdCUUtil 


£ 
O 


Pressurize 


•J 


Vacuum 


g 


r rc55unzc 


9 


Pressurize, vent; S3 pressurize. 




vent 


in 


S3 deliver, collect 




S3 deliver, collect 




S3 extract 




oj collect 


14 


S3 deliver ml\***t 


f c 

I J 


S3 extract 


IO 


S3 collect 


17 
1 / 


o3 deliver, collect 


18 


S3 extract 


49 


S3 collect 




S3 deliver, collect 


>l * 

'41 * 


S3 extract ; 


ZZ- ° 


S3coHect * " 


21 
*j 


Delay 


*9A 


Vacuum 


■* 


-. Pressurize „".":■.- 




..Vacuum r: - 


27 




28 


Pressurize, vent; R3 pressurize. 




vent 


29.. 


R3 deliver ' : :^ 


30 


R3 deliver i 


31 


R3 deliver 


32 


R3 deliver '.' 


33 


R3 deliver 


34 


R3 deliver 


35 


Pressurize, vent 


36 


Vacuum 


37 


Pressurize 


38. 


Vacuum 


39 


Delay 



Pressurize 
Vacuum 

Vacuum 



Pressurize 
Pressurize. 

vent 
S4 deliver 



vent; S-4 pressurize. 



Line flush, pressurize, vent 

Line flush, pressurize, vent 
Line flush, pressurize, vent 
Line flush, pressurize, vent 
Line flush, pressurize, vent 
Line flush, pressurize, vent 

. Line flush, pressurize, vent 
Line flush, pressurize, ven^ 
Line flush, pressurize, vent 

.Line flush, pressurize, vent 
Line flush, pressurize, vent 
Line flush, pressurize, vent 
Line flush, pressurize, vent 
Line flush, pressurize, vent 

: Line flush, pressurize, vent' 
Vacuum 
Vacuum 

Vacuum 
Pressurize 

Pressurize, vent; R4 pressurize, 
- vent 
R4 deliver 

Line flush, pressurize, vent 
Conversion 
Conversion 
; Conversion 
Conversion 
Conversion 
Conversion 



400 
20 
40 

2- 
50 

2 



5 cnWmin (gas) 



0.04 (S3) 
0.2 (S4) 
0.02 



0.06 



2 
6 

400 
20 
40 
2 
50 
2 
6 

8 

10 
20 
12 
18 
15 
12 
18 
15 
12 
18 
15 
14 
2 

. 40 
2 

50 
2 
6 



40 5 cmVmin (gas) 
2 — 
6 _ 



0.06 



0.06 



8 0.2 
3 



{continued) 
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oicp 
time 


Volume 


Step 


Cartridge functions 


Flask functions 


vsecj 


(ml) 


40 


Pressurize 


Conversion 


2 


■ 


41 


Pressurize, vent; S3 pressurize, 
vent 


Conversion 


5 




42 


S3 deliver 


Conversion 


18 


0.06 


43 


S3 extract 


Conversion 


in 




44 


S3 deliver 


Conversion 


30 


0.10 


45 


Pressurize, venl 


Conversion 


12 




46 


Vacuum 


Con vc rs ton 






47 


Pressurize 


Conversion 


2 




48 


Vacuum 


Conversion 


40 




49 


Pressurize 


Conversion 


2 




50 


Delay 


Conversion 


*» 


™— 


51 


Vacuum 


Con ve rsion 


OH 




52 


Pressurize 


Con ve rsion 






53 


Pressuriie vent* R2 nressuriTe 
vent 


C^nrt i/tf rs ion 


O 




54 


R2 deliver 


Conversion 


100 


5 crrrVmin (gas) 


55 


Preisuri7ft vent* Rl nrtf«uri7e 

vent 


Conversion 


0 




56 


R! deliver 


Conversion 




n (\\ 

U.UJ 


57 


Pressurize, Vent 


Conversion 


40 




58 


R2 deliver 


Conversion 


400 


' ■ "~I : 
5 cm / nun (gas) 


59 


Pressurize, vent 


Conversion 


20 




60 


Vacuum 


Conversion 


40 




61 


Pressurize 


Conversion 


2 




62 


Vacuum 


Conversion 


40 




63 


Pressurize 


Conversion 


2 


... 


64 


Pressurize, vent; Rl pressurize, 
vent 


Conversion 


6 




65 


Rl deliver 


f^on ve rs inn 


A 
** 




66 


Pressurize, vent 


Conversion 


40 




67 


R2 deliver 


Conversion ^ 


500 


S rmVmtn (onz\ 


68 


Pressurize, vent 


Conversion 


20 




69 


Vacuum 


Line flush, pressurize, vent 


40 




70 


Pressurize 


Line flush, pressurize, vent 


2 




71 


Vacuum 


Line flush, pressurize, vent 


40 




72 


Pressurize 


Line flush, pressurize, vent 


2 




73 


Vacuum 


Line flush, pressurize, vent 


60 




74 


Pressurize 


Line flush, pressurize, vent 


2 




75 


Pressurize, vent; SI pressurize, 
vent 


Line flush, pressurize, vent 


6 


! ' : 


76 


SI deliver 


Line flush, pressurize, vent 


14 


0.06 


77 


SI extract 


Line flush, pressurize, vent 


20 




78 


SI deliver 


Line flush, pressurize, vent 


60 


0.3 
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Step 
lime 
(sec) 



Volume 
(m!) 





2 
















18 


0.06 






in 










0.10 






1*5 
















•> 








Aft 








L 








L 








60 








2 








o 








100 


5 cmVmin (gas) 




£. 
O 










0.03 






tu 










5 cmVmin (gas) 




















2 








40 








2 
















A 
** 


0.03 






40 








500 


5 cmVmin (gas) 




20 






ize, vent 


40 






.ze, vent 


2 






ize, vent 


40 






ize, vent 


2 






ize, vent 


60 






ize, vent 


2 






ize, vent 


6 






ize, vent 


14 


0.06 




ize, vent 


20 






:ze, vent 


60 


0.3 
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TABLE 1 {continual) 



Step 









time 


Volume 


Step 


Cartridge functions 


Flask functions 


(sec) 


(ml) 


79 


Pressurize, vent; S2 pressurize, 
vent 


Vacuum 


6 


— 


80 


S2 deliver 


Vacuum 


12 


0.06 


81 


S2 extract 


Vacuum 


20 


— 


82 


S2 deliver 


Pressurize 


2 


1.2 ml total 
(steps 82-94) 


83 


S2 deliver 


Vacuum 


40 




84 


S2 deliver 


Pressurize 


2 


— 


85 


S2 deliver 


Pressurize, vent: S4 pressurize, 
veni 


6 


— 


86 


S2 deliver 


S4 deliver 


8 


0.2 


87 


S2 deliver 


Line flush, pressurize, vent 


10 




88 


S2 deliver 


Line flush, collect 


24 




89 


S2 deliver 


S4 deliver 


2 


0.05 


90 


S2 deliver 


Line flush, pressurize, vent 


8 




91 


S2 deliver 


Line flush, collect 


20 




92 


S2 deliver 


S4 deliver 


40 


1.0 


93 


S2 deliver 


Line flush, waste 


20 




94 


S2 deliver 


Vacuum 


60 




95 


Pressurize, vent 




12 




96 


Vacuum 




40 




97 


Pressurize 


Collector step 


2 




9* 


Vacuum 




40 




99 


Pressurize 




2 




100 


Vacuum 




60 





vacuum application to both chambers. The vacuum stages are generally 
split into segments interspersed by short pressurization steps. This results 
in faster removal of volatile material thancan be achieved with a single, 
long vacuum step. Both the reaction charnbers and the reagent/solvent 
reservoirs are pressurized and vented prior to reagent/solvent delivery. 
This provides accurate, reproducible delivery rates and prevents reverse 
flow of gases in the instrument. Reagent/solvent deliveries are followed by 
argon purges of the delivery lines to remove the bulk of the chemicals 
prior to subsequent steps such as vacuum application. The reaction car- 
tridge and flask are thermostatted at 44° and 50°, respectively. 

Coupling. The coupling stage is initiated by addition of a small aliquot 
of reagent I that is sufficient to soak the sample disk thoroughly. Excess 
reagent and heptane are blown off the disk by a brief argon purge. Then, 
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reagent 2 vapor is blown through the cartridge to achieve and maintain an 
alkaline pH in the sample film. After a brief vacuum stage, the reagent 1 
and 2 deliveries are repeated. 

Postcoupling Solvent Extractions. After the second reagent 2 delivery is 
completed, the cartridge is evacuated to remove most of the remaining 
phenylisothiocyanate and coupling base. The remaining reagents and by T . 
products are removed by extraction first with benzene and then with ethyl 
acetate. The solvent extractions begin with addition of just enough solvent 
to fill the cartridge chamber. Then, the solvent delivery is interrupted to 
allow time for the liquid to penetrate the sample film before the major 
portion of the solvent is delivered. 

Cleavage. Cleavage, effected by delivery of reagent 3 vapor through 
the cartridge, is done in two stages. The first of the two stages is consid- 
erably briefer than the second. It lasts long enough to allow cleavage of 
most amino acid residues to approach completion (>9Q%) but is brief 
enough to minimize destruction of the more unstable anilinothiazolinones. 
The second cleavage generally lasts long enough to allow completion 
(>99%) of the cleavage of all residues except certain prolyl residues fol- 
lowed by amino acids with bulky side chains. Complete cleavage of these 
residues, if their presence at certain positions in a sequence is known or 
suspected, can be effected by doubling or tripling the duration of the 
second cleavage step. 7 The second cleavage stage can be omitted to de- 
crease cycle time if small- or medium-size peptides are being sequenced. . 

Postcleavage Solvent Extractions. After each of the cleavage stages is 
completed, the cartridge is evacuated to remove cleavage acid vapor. 
Then, the anilinothiazolinones are removed by extraction with 1- 
chlorobutane. The extractions begin with addition of just enough solvent 
to fill the cartridge chamber. Then, the solvent delivery is interrupted to 
allow time for the liquid to penetrate the sample film before the major 
portion of the solvent is delivered. Solvent extraction after the first cleav- 
age stage is directed to the conversion flask; solvent extraction after the 
second cleavage stage is directed to the waste Ijottle., t 

Postcleavage Base Treatment. After completion of the second cleavage 
stage and its solvent extraction, the protein can be treated with reagent 2 
vapor to reverse N — ► O acyl shifts at seryl and threonyl residues that 
contribute to splitting of the peptide chain and creation of background 
signals. 8 This procedure can be omitted to decrease cycle time if small- to 
medium-sized peptides are being sequenced. 

1 W. E. Brandt, P. Edman. A, Henschen. and C. von Holt, Hoppe-SeyUrs J. PhysioL 

Chem. 357, 1505 (1976). 
• J. Thotnsen, D. Bucher, K. Brunfcldt, E. Ncxo, and H. Olescn, Ettr. 7. Biochem. 69, 87 

(1976). 
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>PliNCS Conversion. The 1-chlorobutane extract following the first 
cleavage stage is directed into the conversion flask. A small volume of 
methanol is added to the conversion flask before the I-chlorobutane 
„ extract in order to remove trifluoroacetyl groups from serine and threonine 
hydroxy! groups and thereby maximize recovery of >PhNCS serine and 
threonine. 8 In order to confine the sample to the lower tip of the 
miniaturized flask, the aniiinothiazolinones are extracted from the car- 
tridge disk with several small volumes of 1-chlorobutane delivered se- 
quentially with brief periods of stopped flow. Continuous drying of the 
flask contents during the solvent delivery and delay steps is effected by 
flushing the flask with argon in order to minimize the time between extrac- 
tion from the disk and addition of reagent 4 to the flask. The last traces of 
solvent are removed by a brief evacuation of the flask before the reagent 4 
delivery. 

The conversion reaction requires 25-30 min at 50° to proceed to com- 
pletion. After this time, the bulk of the reagent is removed by flushing the 

duk^? arg0n ' and **** ,ast traces are rem <» v e<l by evacuation. The 
> u N ^ ammo ac,ds are transferred from the flask to the fraction collec- 
tor by 200- and 50- M l aliquots of methanol. Then, the flask is washed with 
1 ml of methanol (dumped to the waste bottle), to. remove any >PhNCS 
residues that splash onto the upper wall of the flask. - 

Sample Loading. Polybrene (Aldrich Chemical Company, Milwaukee 
Wisconsin , used as a carrier to retain protein or peptide on the disk, must 
oe :P recycIed through the sequenator program before it is suitable for- 
mtcrosequencihg applications." This precycling removes soluble im- 
purities from the Polybrene, aad also blocks sites on the polymer that 
otherwise : could . react with amino-terminal groups of the protein sample. 
The cartridge is disassembled as described above, and a new glass fiber 
disk is placed in its recess in the upper glass cylinder. An aqueous solution 

? , " 11 a- I Y ■ (6 ° mg/ml) and Slycylglycine (I M „,ol/ml) is spotted 
onto the disk and dried under vacuum. After reassembly of the cartridge 

£ C J? ? IT 6 S ^| CCted t0 4-8 * ydes of a modified «qu««cing program' 
in which there ,s (a) a single cleavage- stage, with the subsequent solvent 

2T^r T l ° thC - 3S * b0tUe " and <*> a ««Pl«g «age with only 
3S^£° n tf rea . 8CntS 1 and 2 - 71,6 P^'-ng nu« begin at the cou- 
pling, rather than cleavage, stage in order to prevent loss of the Polybrene 

trom the disk. 



U Hoppc-Seyter's J. Physiol. 
»cn, EtiK J. Bioclttm. 69, 87 



a M. J Horn and A. G. Bonner.//, -Solid Phase Methods in Protein Sequence Analysis"* A 
.Previero and M,A. Coletti-Previero. eds.). p. 163. l^^jj^^^ m 

" M W. Hunkapiller and L. E. Hood. Bi<n:hemistry 17, 2124 (1978). 
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After completion of the Polybrene precycling, the cartridge is disas- 
sembled, the protein solution (25-30 M l) is spotted onto the disk and dried 
under vacuum, and the cartridge is reassembled. The sequencing program 
is started at the second cleavage stage and then carried through two coup™ 
mg stages without the normally intervening cleavage stages on the first 
CyCle D t , 0 *^! Ure com P lete coupling at the protein's amino terminus. 

>PhNCS Amino Acid Analysis. The > PhNCS amino acids produced in 
the gas phase sequenator can be analyzed by any of the methods com- 
monly used in protein sequencing. However, if the amount of protein 
being sequenced is less than a few nanomoles, high-performance liquid 
chromatography is the method of choice. The protocol that has been used 
with the gas-phase sequenator in our laboratory is described in detail in 
this volume (43]. It is suitable for amounts of protein as little as 5 pmol 



TABLE II 

Sample of Proteins Sequenceoon Gas Phase Sequenator 



Amount 



Protein 



Molecular 


Residues 






weight 


identified 


pmol 




1.000 


8 


500 


0.5 


1.000 


6 


50 


0.05 


1.600 


14 


.1.200 


2.0 


3,400 


30 


260 


1.0 


3.800 


31 


500 


2.0 


2,000 


14 


20 


0.04 


3,200 


31 


200 


0.6 


17,500 


90 


10,000 


175 


17.500 


22 


5 


0.09 


18,000 


55 


850 


15 


22,000 


23 


15 


0.3 


32,000 


49 , 


700 


23 


26,000 


" 39 


500 


13 


25.000 


21 


20 


0.5 


44.000 


40 


100 


4 


95,000 


13 


60 


5.5 


40,000 


68 


400 


16 


42,000 


35 


50 


2 



Angiotensin II 
Angiotensin II 
Somatostatin 
Insulin, B chain 
Apfysia neuropeptide B 
Dyaorphin 
Dynorphin precursor 
Myoglobin 
Myoglobin 

Drosophiia larval cuticle protein - * 
Aptysia membrane phosphoprotein*-* 
Human histocompatibility antigen 

HLA-DR. a chain* 

HLA-DR, /9 chain* 
Mouse immune response antigen EJ - "* 
Human erythropoietin* 
Human melanoma cell surface antigen"-* 
Eel acetylcholine receptor a subunir*-* 
Calf acetylcholine receptor a subun it** 



i P^Phoretically eluted from Coomassie Blue-stained. SDS^poIyacrylamidc gels. 

Integral membrane protein. 
• Purified by isoelectric focusing in polyacrylamide gels containing urea. 

Sixty percent carbohydrate by weight. 
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: clirrg, the cartridge is disas- 
atted onto the disk and dried 
ed. The sequencing program 
n carried through two coiipl- 
cleavage stages on the first 
teirf s amino terminus. 
CS amino acids produced in 
y any of the methods com- 
r, if the amount of protein 
es, high-performance liquid 
protocol that has been used 
ory is described in detail in 
f protein as little as 5 pmol. 



Phase Sequenator 
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Residues 
identified 



pmol 
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500 
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50 
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^ 4 


1.200 


2:0 




260 
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31 
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2.0 


14 
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0.04 
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22 
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23 


39 
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13 
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40 


100 


4 


13 


60 
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16 


35 


50 
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ined, SDS-poiyacrylamide gels, 
lis containing urea. 
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Results 

Performance of .the gas,phase sequenator has been evaluated with a 
variety of proteins and peptides of known and unknown sequence. Some" 
of the results of these sequencing experiments (many from Hewick et al. <) 
are shown in Table II. Proteins can be analyzed using as little as 5 pmol of 
sample; peptides can be sequenced with as little as 50 pmol of sample. 
Both hydrophobic proteins and peptides, including integral membrane 
proteins, can be sequenced. Proteins purified by SDS-poiyacrylamide gel 
electrophoresis (PAGE) and by electrofocusing in polyacrylamide gels can 
be analyzed after the proteins are removed from the gels by electropho- 
retic elution (this volume ( 17]). 

The efficiency of the Edman degradation on the gas-phase sequenator, 
as measured by the repetitive cycle yield, is exceptionally high. Repetitive 
yields for sequenator runs with 10 nmol of sperm whale apomyoglobin are 
around 98% and with as little as 10 pmol are still as high as 92%.< This has 
permitted sequenator runs of 70-90 residues using 10 nmol of protein and 
15-25 residues using 10 pmol of protein. The latter amounts can easily be 
obtained from two-dimensional PAGE; while the amount of sequence in- 
formation obtained directly is limited, it is often sufficient to provide iden- 
tification of the protein or the sequence of cDNA probes for use in gene 
clomng.£*periments . 
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[37] Radiochemical Sequence Analysis of Biosynthetically 
Labeled Proteins 

By John E. Coligan, Frederick T. Gates III, 
Edward S. Kimball, and W. Lee Maloy 

Background 

Many protein molecules, particularly those that are membrane-bound 
are not readily available in the amounts necessary for amino acid se- 
quence determination by traditional methodology. Consequently effort 
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proliferative kidney disease 



lamellar bodies disperse, and prothylakoids 
eventually develop into thylakoids. 
proliferative kidney disease (PKD) A fish dis- 
ease which can be economically important in 
young salmonid fish. Symptoms include 
exophthalmia. anaemia, abdominal swelling 
and kidney hypertrophy; mortality rate: 10- 
95%. PKD is caused by an unclassified proto- 
zoon which apparently has affinities with 
members of the mvxozoa [JP (1985 ) 32 254- 
260]. 

Proliferobasidium See brachybasidiales. 
L-proline biosynthesis See Appendix IV(a). 
proloculus See foraminiferida. 
promastigote A form assumed by the cells of 

many species of the trypanosomatidae (q.v.) 

during at least certain stages of their life 

cycles. 

prometaphase See mitosis. 

Promicromonospora A genus of asporogenous 
bacteria (order actinomycetales, wall type 
VI) which occur e.g. in soil. The organisms 
form a yellow fragmenting mycelium. GC%: 
ca. 73. Type species: P. citrea. [Book ref. 73, 
pp. 53-54.] 

promiscuous plasmids Those conjugative 
plasmids (sense 1) — e.g. IncPl plasmids — 
which are capable of self-transmission 
between bacteria of a wide range of different 
species and genera. 

promitochondrion See mitochondrion. 

promoter In a DN A strand : a nucleotide 
sequence which is recognized (directly or 
indirectly) and bound by a DNA-dcpendent 
rna polymerase (RPase) during the initiation 
of transcription. Transcription is initiated at 
a position (the start point or start site) which 
is usually within the promoter sequence; the 
first nucleotide to be transcribed is designated 
+ 1, nucleotides downstream of this position 
(i.e., those in the direction of RNA elon- 
gation: 5'-to-3' with respect to the RNA) are 
numbered +2, +3, +4 etc. and nucleotides 
in the opposite (upstream) direction are num- 
bered -1,-2, -3 etc. 

In eubacteria there are several RPase non- 
enzymes (differing in their sigma factors), 
each of which recognizes a distinct class of 
promoter. In Escherichia coli most transcrip- 
tion is carried out by Ecr 7 "; the enzyme binds 
to a region of DNA extending from ca. 50 hp 
upstream to ca. 20 bp downstream of the start 
point. Comparison of the sequences of many 
promoters recognized by Ect 7 " has revealed 
that certain short sequences are more or less 
conserved: a consensus sequence. TATAAT 
(the Pribnow box or —10 sequence), is centred 
ca. 10 bp upstream from the start point, and 
another consensus sequence. TTGACA (the 
-35 sequence) is centred ca. 35 bp upstream 
of the start point; promoters which lack one 



or the other of these sequences apparentlv 
cannot be recognized by Ea"" without the par- 
ticipation of other proteins (see e.g. catabol- 
ite repression). The start point itself is usu- 
ally a purine, often an adenine residue in the 
sequence CAT. 

Promoters recognized by Ea~" in E. coli 
differ to varying extents from the theoretical 
'consensus promoter", and may also differ 
from one another in functional efficiency 
(efficient promoters being described as 
'strong', inefficient ones as weak ). Efficiency 
may be affected e.g. by changes in the consen- 
sus sequences or in the transcribed region 
downstream of the start point. Changes at one 
site may be compensated for by changes at 
another: thus, promoters with the same effici- 
encies may have different base sequences: fur- 
thermore a (synthetic) promoter containine 
the theoretical consensus sequences has been 
found to be relatively inefficient. [EMBO 
(1986) 11 2987-2994, 2995-3000.] 

Promoters of other classes (recognized bv 
different RPase holoenzymes) in bacteria also 
typically have two short, distinctive conserved 
sequences upstream from the start point; 
however, the actual sequences vary from one 
class of promoter to another. For example, in 
Bacillus subtilis the main holoenzyme. Etr J \ 
recognizes the same type of promoter as does 
the Ea 70 of £. coli, but Ea' 7 (see sigma 
factor) reco gnizes a consensus sequence 
AGGATTTNA (N = any nucleotide) in the 
-35 region and GGAATTNTTT in the -10 
region; the corresponding sequences for Ea Jy 
are TTNAAA and CATATT. (The phage T4 
Eo 4 ^ 55 recognizes a promoter which appar- 
ently lacks a —35 sequence; in promoters 
recognized by the Ect* pmm of e.g. Klebsiella a 
—35 sequence is apparently absent, but there 
is a consensus sequence in the —20 region.) 

In eukaryotes, promoters are not recog- 
nized directly by the RNA polymerases; tran- 
scription initiation factors (TIFs) first bind to 
a promoter to form a premutation complex. 
and only then does an RPase bind to form 
an initiation complex. Promoters lor RPase II 
generally contain a short consensus sequence 
TATA(A/T)A(A/T) (the TATA box. Cold- 
berg-Hogness bow or Hostess box), ca. 25- 
30 hp upstream from the transcription start 
point; this appears to he the only well-con- 
served sequence in RPase II promoters |NAR 
(l»N6> 14 I 0009-10U26). allhouch other 
sequences upstream of the TATA box inav 
be important sites for the action of promoicr- 
speeific TIFs (review: Nature ( I9S51 3 Id 774- 
77S|. (See also enhancer.) Promoters tor 
RPase HI appear to occur within the associ- 
ated gene. i.e.. downstream of the start point: 
binding of the RPase at the promoter leads 
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to initiation of transcription at a particular 
distance upstream of the binding site. 

promoter control See operon. 

promvcelium See metabasidium. 

Pronase (proprietary name) A mixture ot 
endopeptidases and exopeptidases (including 
carboxypeptidase(s) and aminopeptidases) 
which has non-specific protease activity. It is 
obtained from Streptomyces griseus. 

Prontosil An earlv sulphonamide. first used 
clinicallv in the l*930s; its activity was due to 
its breakdown in vivo to sulphamlamide. It 
has been superceded by the more effective, 
less toxic modern sulphonamides. 

pronucleus (1) The haploid nucleus of a 
gamete. (2) {protozool.) See autogamy and 

CONJUGATION. 

proof-reading (moi biol.) A system m which 
the accuracy of a process is increased by the 
removal of 'errors* immediately after they 
have occurred: see e.g. dna replication and 

PROTEIN SYNTHESIS. 

propagative viruses See circulative trans- 
mission. 

propagule Any disseminative unit of an organ- 
ism, e.g. a spore, a mycelial fragment. 

propamidine An aromatic diamidine used as 
an antiseptic; it is active mainly against aspor- 
ogenous Gram-positive bacteria and certain 
fungi. 

propeller loop fermenter A loop fermenter in 
which a motor-driven propeller promotes cir- 
culation in the column by impelling the cul- 
ture vertically up (or down) the draft tube 

proper margin (excipulum propnum) {hchenol.) 
Non-lichenized (i.e., wholly fungal) tissue for- 
ming the excipular margin (rim) of a lichen 
apothecium. A proper margin is often the 
same colour as the hymenial disc. (cf. thal- 
line margin; see also lecideine apothecium.) 

properdin A ^-globulin (MWt ca. 220 000) 
which occurs in normal serum (ca. 25 p-g/ml). 
Properdin promotes the alternative pathway 
of complement fixation by stabilizing the C3 
convertase (C3bBb) in the presence of specific 
activators of this pathway. 

prophage See lysogeny. 

prophage immunity See superinfection im- 
munity. 

prophase See mitosis and meiosis. 

prophylaxis Measure(s) taken to prevent the 
occurrence of disease — e.g. disinfection, 
immunization. (See also protectant.) 

propiconazole ( l-[2-(2.4-dichlorophenyl)-4- 
propyl- 1 .3-dioxolan-2.2-yl- methyl]- 1 H-l ,2,4- 
triazole; trade names: e.g. Radar. Tilt) An 
agricultural azole antifungal agent which 
has both contact and systemic action against 
a wide range of plant pathogenic fungi; it has 
both eradicant and protectant properties 
against e.g. cereal diseases such as eyespot. 



propionic acid fermentation 

net blotch, powderv mildew, rhynchospo- 
rium, septoria, vellow and brown rusts, etc. 
It mav be mixed with e.g. carbendazim to 
cive a" preparation with an even broader anti- 
funcal spectrum, 
propidium A phenanthridine trypanocidal 
agent and intercalating agent (apparent 
unwinding angle: 26°). 
(J-propiolactone (BPL) A water-miscible. non- 
inflammable cyclic ether (b.p. 155°C) used 
e.g. (in vapour form) as a surface sterilant: 
it has low powers of penetration, needs a high 
relative humidity (ca. 70%) for maximum 
activity, and may be poorly effective against 
e.g. dried spores (cf. ethylene oxide). BPL 
acts as an alkylating agent, substituting pro- 
teins etc with propionic acid residues. Above 
25°C it is readily hydrolysed to (J-hydroxy pro- 
pionic acid (hydracrylic acid); under acid con- 
ditions it forms an open-chain ester-linked 
polymer. (N.B. BPL is irritant and may be 
carcinogenic.) 
Propionibacterium A genus of Gram-positive, 
asporogenous. chemoorganotrophic. anaer- 
obic bacteria which occur e.g. in dairy prod- 
ucts (see e.g. cheese-making) and on the 
human skin, and which form propionic acid 
as a main product in the propionic acid fer- 
mentation of hexoses or lactate. Cells: non- 
motile, pleomorphic, branched or unbran- 
ched rods or coccoid forms which may exhibit 
a 'Chinese letter* arrangement in stained 
preparations; some form pigments. The 
organisms can be cultured e.g. on yeast 
extract-lactate-peptone media. GC%: ca. 
57-67 Type species: P. freudenreichti. 

P. acnes (formerly Corynebacterium par- 
vum). The organisms ferment alucose (but 
not maltose or sucrose), do not hydrolyse 
aesculin, and are indole-positive; they digest 
casein and liquefy gelatin. [Extracellular pro- 
teolysis: JAB (1983) 54 263-271.] Colonies 
older than ca. 4 days may become reddish. 
(See also acne and skin microflora.) 

Other -species: P. acidi-propionicr, P. freu- 
denreichii (which incorporates P. shermanu) 
(see also pyrophosphate); P. jensenu (which 
incorporates P. peterssonii and P. ra ffi™™' 
ceurn): P. thoenii. [Book ref. 46. pp. 1894- 
1902.] 

propionic acid fermentation A fermentation 
(sense 1), carried out e.g. by Propionibacter- 
ium spp, Clostridium propionimm and Mt^a- 
sphaeru clsdeniL in which e.g. glucose andw 
laciate yield propionic acid and acetic acid as 
the main end products. Pnwumibactermm 
spp ferment ulucose or lactate via succinate 
[Appendix 111(h)]; when lactate in the >ub- 
strate the reduction of (endogenous) tumaraic 
generates proton motive force (pml). per nut- 
ting ATP synthesis by electron transport 
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pH.) (b) SpA-containing staphylococci can 
bind to specific (IgG) antibodies (via their Fc 
portions) and will then agglutinate on 
exposure to the homologous antigen (co- 
agglutination); such antibody-coated sta- 
phylococci can be used e.g. in slide co-aggluti- 
nation tests for detecting and/or identifying 
bacteria toxins, etc. (c) SpA may be bound 
to red blood cells (e.g. with glutaraldehvde) 
and used e.g. to detect IgG on the surface of 
lymphocytes (by rosette formation), (d) SpA 
conjugated with an enzyme (e.g. p-lactamase, 
horseradish peroxidase) can be used e.g for 
the assay of IgG in serum. Antigen is immobi- 
lized, incubated with the serum, and anv 
homologous antibody binding to the antigen 
is detected with the SpA^enzyme conjugate- 
the amount of SpA bound, and hence the 
amount of homologous IgG in the serum, is 
determined by an assay of the enzymic activity 
(e.g. padac hydrolysis for 3-lactamase conju- 
gates) [PTRSLB ( 1983) 300 399^10]. 

[Properties and applications of protein A- 
Book ref. 44, pp. 429-480.] 
protein G A cell wall protein from group G 
streptococci; it resembles staphylococcal pro- 
tein A m binding specifically to 'the Fc region 
of an IgG molecule, but it binds a broader 
range of IgG subclasses. [Structure of the 

?S?w mg regions of P rolein G: EMBO 
(1986) 5 1567-1575. J 

protein i See primosome. 

protein kinase An enzyme which phosphory- 
lates particular amino acid residues in a pro- 
tein The functions of certain proteins are 
regulated by phosphorylation/dephosphoryl- 
ation both m eukaryotic cells (see e.g. onco- 
gene) and in Escherichia coli (see e g tca 
cycle (.socitrate dehydrogenase)). (See also 

CYCLIC AMP.) 

protein n (also n\ n") See primosome 
protein synthesis The biosynthesis of a protein 
is a complex process in which a nucleotide 
sequence in a DNA (or. in some viruses, 
RNA) molecule determines the sequence of 
ammo acids in the protein: see genetic code 
In cells, the first step is the synthesis (tran- 
scription) of a messenger RNA (mRNA) 
molecule on the DNA template: the (mature) 
mRNA molecule (see mrna) then functions as 
a template for the assembly of the polypeptide 
chain (a process known as translation). How- 
ever, amino acids cannot recognize their 
specific codons in the mRNA directly and 
each must be linked to a specific transfer 
RNA (tRNA, q.v.) which contains the correct 
anncodon (see cknktic code). The 'charring* 
of a tRNA with its specific amino acid is 
achieved in a two-step reaction: activation, in 
which the amino acid reacts with ATP in the 
presence of a specific aminoacyl-tRS'A sv/i- 
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thetase to form an enzyme-bound aminoacvl- 
AMP complex (PPi being released), and 
transfer, in which the aminoacvl group is 
transferred to the T or 3' position of the ter- 
minal adenosine residue in the appropriate 
tRNA (AMP and the synthetase being 
released). (See also mupirocin.) In eukarv- 
otes, but not in bacteria. aminoacvI-tRNA 
synthetases occur in high-MWt multienzyme 
255] P,eXeS ' rCView: Biocn * J - d°86) 239 249- 

Interaction between charged tRNAs (aa- 
tKNAs) and the corresponding codons in the 
mRNA. as well as subsequent peptide bond 
formation, are mediated bv the ribosomes 
Each nbosome has two bindine sites for 
charged tRNA: the A sue (= acceptor or 
entry site) and the P site (= peptidvl or donor 
dm Essenliall > f ' 3 "bosome binds to the 
mRNA and moves along it such that each 
codon in turn is exposed to the A site: all 
incoming aa-tRNAs {except the first) enter the 
A site. 

The process of translation is divided into 
three main phases: initiation, eloneation. and 
termination. 

Initiation. In all known svstems the 
initiator codon (usually AUG, but occasion- 
ally e g. GUG. UUG or AUU) is recoenized 
by a distinct initiator tRNA (tRNA;) which is 
charged with methionine (Met). In e g Esch- 
e ^niacoti there are two tRNAs specific for 
Met: tRNA^ and tRNA^: onlv the latter 

^dmamS^I 0 " as a lRNA .- The chareed 
tRNA"", Met-tRNA f , is usually formvlaied 
at the a-amino group of the methionvl residue 
to give W-formylmethionvl-tRNA. (fMet- 
tRNA f ); this reaction requires A'^-formvI- 
tetrahydrofolate. Met-tRNA m cannot be 
formylated and is involved in the incorpor- 
ation of Met during polypeptide chain elone- 
ation. Thus, in £. coli (and most other proka- 
ryotes) Af-formyl methionine is usually the first 
(N-terminal) amino acid to be incorporated 
in the polypeptide chain. A similar svstem 
operates in mitochondria and chloroplasts 
but m eukaryotic cytoplasm — and apparently 
■n at least some archaehacteria (e.ti. Halobac- 
temtm cutirubrum) — the Mot -tRNA is not 
formylated (thus, the N-termmai amino acid 
is methionine). 

In co/i * specific protein mitiatum !ua tf r, 
IF-2. is necessary lor translation initiation' 
According to one model. IFO and (Met- 
tRNA, interact in the presence of ci TP to 
form a premutation complex which then binds 
to the 30S ribosomal suhunit. the tRNA occu- 
pying the (incomplete! ribosomal Pmu\ (The 
preimtiation complex could bind to the M)S 
subun.i before or alter the 30S subuim hinds 
to the mRNA.) However, according to an 
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alternative model, IF-2 may act directly on 
the 30S subunit to stimulate template-depen- 
dent 30S-aa-tRNA binding [see e.g. FEBS 
(1986) 207 198-204]. Two other protein 
initiation factors, IF-3 and IF-1, also bind to 
the initiation complex. IF-3 is necessary for 
the binding of the 30S subunit to the mRNA 
(as well as for the dissociation of 70S ribo- 
somes into their 30S and 50S subunits and, 
hence, the provision of 30S subunits). IF-1 
apparently stimulates the activity of IF-2. 

In bacteria, the ribosome-binding site on an 
mRNA molecule includes a sequence (ca. 3- 
12 nt upstream of the AUG codon) of 3-9 
purine nucleotides, the Shine-Dalgarno 
sequence, which is complementary to a 
sequence near the 3' end of the 16S rRNA 
in the 30S subunit; this sequence apparently 
serves to align the ribosomal P site with the 
correct initiation codon. IF-1 is released, and 
the SOS ribosomal subunit then binds to the 
30S-initiation complex (with concomitant 
release of IF-3) to form the complete 70S 
ribosome ('monosome'). Finally, GTP is 
hydrolysed (in an IF-2-dependent reaction) to 
GDP and Pi, IF-2 being released. 

Initiation can apparently also occur with a 
70S monosome; this may happen e.g. when 
initiation occurs at an internal initiator codon 
in a polycistronic mRNA. the ribosome termi- 
nating synthesis of one polypeptide and init- 
iating synthesis of the next without dissociat- 
ing from the mRNA. 

In eukaryotic cytoplasm, initiation usually 
occurs at the AUG nearest the 5' end of the 
mRNA, and generally requires a capped 
mRNA (see mrna) for maximum efficiency; 
there is apparently no sequence equivalent to 
the Shine-Dalgarno sequence, and at least 9 
initiation factors are required. 

In addition to their function as initiator 
codons, AUG, GUG and UUG code for 
methionine, valine and leucine, respectively; 
it is not clear how an initiator codon is dis- 
tinguished from internal (or out-of-phase) 
codons. Although in bacteria the Shine-Dal- 
garno sequence is believed to play a role in 
this process, it is apparently not by itself 
sufficient to determine the initiation site; 
some genes in E. colt apparently lack a Shine- 
Dalgarno sequence. Various models have 
been proposed to account for the specific rcc : 
ognition of an initiator codon. For example, 
it has been suggested that the translation 
initiation region in mRNA contains a mosaic' 
of sequences complementary to one or more 
regions in the D and T loops, as well as in the 
A loop, of the tRNA, (and in the 16S rRNA). 
and furthermore that unusual initiator codons 
such as GUG and UUG may be recognized 
by sequences in the T loop rather than by a 



conventional anticodon in the A loop of the 
tRNA; (PNAS (1985) 82 4587-4591]. 

Once initiation is complete and polypeptide 
chain elongation is under way. the formyl 
group at the N-terminal end may be removed 
by a deformylase: the methionine residue, and 
sometimes other residues, may also be 
removed. (See also signal hypothesis.) 

Antibiotics which interfere with translation 
initiation include e.g. aurintricarboxylic 
acid, kasugamycin (see aminoglycoside anti- 
biotics), and pactamycin. 

Elongation of the polypeptide chain is 
believed to occur in three successive steps 
repeated at each codon. In the first {decoding) 
step the aa-tRNA which corresponds to the 
second codon (adjacent to the initiator codon) 
enters the vacant ribosomal A site. In E. coli 
this step requires the protein elongation factor 
7(EF-T; 'transfer factor') which has two com- 
ponents: EF-Tu and EF-Ts. (EF-Tu is an 
abundant protein in E. coli; it is encoded by 
two nearly identical, unlinked genes, tufA and 
mfBn the two gene products (EF-Tu A and 
EF-TuB) differing only in the C-terminal 
amino acid: glycine for EF-Tu A, serine for 
EF-TuB.) EF-Tu-EF-Ts interacts with GTP. 
EF-Ts being displaced and EF-Tu-GTP being 
formed. EF-Tu-GTP can complex with any 
aa-tRNA {except fMet-tRNA f ) to form the 
ternary complex aa-tRNA-EF-Tu-GTP; this 
complex then binds at the A site of a ribosome 
in which the P site is occupied by an fMet- 
tRNAf (or, later in elongation, by a peotidyl- 
tRNA). GTP is hydrolysed and EF-Tu-GDP 
and Pi are released. EF-Ts displaces the GDP 
to reform EF-Tu-EF-Ts which can then react 
with GTP to repeat the cycle. 

In the second step, transpeptidation, a pep- 
tide bond is formed between the a-amino 
group of the aa-tRNA in the A site and the 
carboxyl group of the fMet-tRNA f in the P 
site; this leaves uncharged tRNA" cl in the P 
site and the dipeptidyl-tRNA (fMet-aa- 
tRNA 1 ") in the A site. Transpeptidation. 
which does not require elongation tactors. is 
catalysed by a peptidyl transferase activity in 
the 50S ribosomal subunit. 

In the third step, translocation, the ribo- 
some moves relative to the mRNA-dipep- 
tidyl-tRNA by three nucleotides li.e.. one 
codon) in the 5'-u>-.V direction: concomit- 
antly, the uncharged tRNA^ 1 " may be 
ejected, the dipeptidyl-tRNA enters the P 
site, and the vacated A site is brought into 
juxtaposition with the next codon. This i* the 
*two-sitc' model tor translocation. However, 
evidence has been obtained Tor a three-Mie' 
model for translocation in E. coli and e.g. 
-Hutotuiaenum halobium |MGG U^Ko) 204 
221-22S. q.v. for rels|. According to this 
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model. tRNAs remain bound to the ribosome 
both before and after translocation, i.e.. 
deacylated tRNA is not released from the P 
site during translocation; instead, it is trans- 
ferred to a third ribosomal site, designated 
the E site, concomitantly with translocation. 
Release of the deacylated tRNA from the E 
site is triggered by the entrv into the A site 
of the next aa-tRNA. 

Translocation in £. coli requires elongation 
factor G (EF-G) and is accompanied bv GTP 
hydrolysis — probably catalysed bv EF-G in 
the presence of the ribosome: GTP hvdrolysis 
is apparently not required for translocation, 
but may be necessary to effect detachment of 
EF-G from the ribosome [JMB (1986) 189 
653-662]. In eukaryotes. the factor equivalent 
to the EF-G of E. coli is eEF-1; eEF-1 differs 
from EF-G in being susceptible to ADP-ribos- 
ylation by diphtheria toxin (q.v.). Archae- 
bacteria also characteristically have an EF 
which is susceptible to diphtheria toxin iBook 
ref. 157, pp. 379-410]. 

The three elongation steps are repeated 
cyclically at each codon. the growing peptide 
chain always being transferred to the a-amino 
group of the incoming aa-tRNA in the A site. 
As each ribosome passes along the mRNA. 
another ribosome can bind to the vacated 
initiation site and initiate the translation of 
another polypeptide chain. Thus, a given 
mRNA generally carries many ribosomes situ- 
ated at intervals along its length, forming a 
structure known as a polyribosome (poly- 
some). (A single ribosome is sometimes called 
a* monosome. ) 

Many antibiotics act by interfering with par- 
ticular stages in the elongation process in par- 
ticular organisms: see e.g. aminoglycoside 
antibiotics; anisomycin; chloramphenicol; 
cycloheximide; fusidic acid; lincosamides; 

MACROUDE ANTIBIOTICS; POLYENE ANTIBIOTICS 

(b); puromycjn; sparsomycin; streptocra- 
mins; tetracyclines; tiamulin; THIOSTREP- 
ton; viomycin. 

Termination occurs when the ribosome 
reaches a specific termination codon (UAA. 
UAG or UGA in E. coli: see genetic code). 
These codons are recognized not by tRNAs 
but by protein release factors (RFs); RF-1 
recognizes UAA and UAG. RF-2 recognizes 
UAA and UGA. Binding of an RF to a ter- 
mination codon results in the hvdrolysis of 
the ester bond between the tRNA and the 
polypeptide chain (catalysed by the rihosemal 
peptidyl transferase) and hence the release of 
the completed polypeptide. A third factor. 
RF-3 (= *S protein*), apparently* stimulates 
the activities of RF-I and RF-2. 

In eukaryotic cytoplasm there is apparently 
only one RF (eRF) which can recognize any 

712 



of the three termination codons: eRF requires 
GTP for activity. 

Proof-reading can occur at various staces 
during protein synthesis in bacteria, serving 
to maintain a high level of translational accu- 
racy. Proof-reading can occur e.g. at the level 
of amino acid selection by aa-tRNA synthet- 
ases. Synthetase specificity is not alwavs high 
enough to prevent binding of the wrong' 
amino acid; a wrong' amino acid mav he re- 
cognized and removed either at the amino- 
acyl-AMP stage (pretransfer proof-reading) or 
at the aa-tRNA staee (post-transfer proof- 
reading) [see e.g. NAR ( 1986) 14 7529-7539). 
Proof-reading can also occur during the 
elongation phase of protein synthesis: amino- 
glycosides such as streptomycin are believed 
to exert their effect on translational accuracy 
by interfering with this prool-readine svstem. 
proteinase (1) Syn. protease (see proteases). 

(2) Syn. endopeptidase (see proteases). 
proteinase K A non-specific protease obtained 

from Tritirachium album, (cf. pronase. ) 
proteose A soluble product of protein hvdrolv- 
sis; proteoses are not coagulated bv heat but 
are precipitated in saturated (NH^SO,. 
proter (ciliate protozoof.) The anterior of the 
two cells formed during homothetogemc 
binary fission, (cf. opisthe.) 
Proteromonadida An order of parasitic proto- 
zoa (class zoomastigophorea). The cells have 
one or two pairs of flagella. without paraxial 
rods, and a single mitochondrion which lacks 
a kinetoplast: cysts are formed. Genera: en. 
Kararomorpha, Proieromonas. 
Proteromonas See proteromonadida. 
Proteus A genus of Gram-negative bacteria of 
the tribe proteeae. Cells: ca. 0.4-0.8 x 1- 
3 u.m. Most strains swarm at 37°C. typically 
forming characteristic concentric zones of 
growth on the moist surface of an near or 
gelatin medium (see swarming and dienes 
phenomenon). (Some strains mav form a 
spreading, uniform film of erowth.) Tvpical 
reactions: H : S (in TSI) +\i (delaved "in P. 
myxofaciens): gelatin is liquefied at 22°C- 
lipase +ve; urease +ve: mannose and sugar^ 
alcohols are not attacked. Nicotinic acid (but 
not pantothenic acid) is required for growth. 
GCCr : 38-41. Type species: P. vulgaris. 
P. inconstans. Sec providhncia. 
P. mirabilis. Indole -ve; maltose -ve. 
ornithine decarboxylase + ve. 
P. morganii. See morgan mi i.a. 

tnyxofaciens. Indole -ve; mahose + ve; 
ornithine decarboxylase -ve: abundant slime 
produced e.g. in t rypt i ease-so v broth. 
P . rettgeri. See provioi ncia. 
P ■ shigeltoidfs. See pi.esiomonas. 
P • vulgaris. Indole +ve; maltose + ve; orni- 
thine decarboxylase — ve. 
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Trachyspora 



abrasion of the cornea by the eyelashes causes 
ulceration, scarring and impairment/loss of 
vision. A thin fibrovascular membrane 
ipatwus) develops on the surface of the cor- 
nea. Lymphoid follicles may develop at the 
cornea-sclera junction; on healing, these 
leave characteristic depressions (Herberts 
pits). The mechanism of pathogenesis is not 
understood; it has been suggested that it may 
involve cell-mediated hypersensitivity. 
Chemotherapeutic agents commonly used 
include e.g. tetracyclines. Laboratory diag- 
nosis typically involves the examination of 
specimens by e.g. immunofluorescence or 
enzyme immunoassay techniques. 
[Book ref. 193. pp. 135-170.) 

Trachyspora See urediniomycetes. 

trachy tectum Syn. exosporium Osense 2). 

tractellum A (eukaryotic) flagellum which 
'pulls' the cell forwards. 

Trager duck spleen necrosis virus See avian 
reticuloendotheliosis viruses. 

tral gene See f plasmid. 

trailer (mol. biol.) See mrna. 

traj gene See f plasmid, 

traM gene See f plasmid. 

trama The sterile (i.e.. non-generative) inner 
tissue of a lamella or dissepiment or of the 
teeth' of members of the Hydnaceae. (See 
also bilateral trama.) 

Trametes A genus of lignicolous fungi of the 
aphyllophorales (family Polyporaceae) 
which form basidiocarps in which the hymen- 
ophore is porous. T. pint is parasitic on cer- 
tain, trees. For T. versicolor see coriolus. 

- (See also xylanases.) 

mmi-acting See cis-dominance. 

trans complementation See cis-trans test. 

transaldolase See Appendix 1(b) and rmp 
pathway. 

transcapsidation See phenotypic mixing. 

transcipient A cell which has received DNA 
from another cell. 

transconjugant See conjugation (lb). 

transcriptase An rna polymerase involved in 
transcription, (cf. rna-dependent rna 
polymerase.) 

transcription The synthesis of an rna strand in 
a process in which ribonucleotide .V-iriphos- 
phates (rNTPs) base-pair sequentially wiih 
nucleotides in a template strand and are poly- 
merized in the .V-to-3' direction (with elimin- 
ation of PPi) by an rna pulymi:kash: the tem- 
plate strand is DNA in cells and DNA viruses. 
RNA in e.g. RNA viruses (see kna-i>I:Pi;n- 

DENT RNA POLYMERASE) • (Cl . KI-YKKSK I RANS- 
CRIPTASK.) 

In e.g. Escherichia coti fand other euhac- 
leria) initiation of transcription begins when 
the rna mi.YMr.RAsr. (RPase) holocnzymc 
binds to a pkomuu-k. The polymerase core 



enzyme itself has a high affinity for dsDNA 
and can bind at (apparently) any site to form 
a stable, closed" enzyme-DNA complex in 
which the DNA strands are not unwound. 
Interaction of a sigma factor with the core 
enzyme confers on it specificity for a particu- 
lar class of promoter while greatly reducine 
its affinity for other DNA sequences. The 
holoenzyme binds very tightly to its corres- 
ponding promoter; initially a closed' complex 
is formed, but this is subsequently converted 
to an 'open" complex in which a short region 
of the DNA bound by the enzyme becomes 
unwound. The first rNTP can then pair with 
a base on one of the DNA strands (the start 
point or start site). A few nucleotides are then 
incorporated, each being added to the 3' -OH 
of the preceding nucleotide: the a factor then 
dissociates. (The first nucleotide retains its 5'- 
triphosphate group.) 

Elongation is carried out by the RPase core 
enzyme (possibly in association with the prod- 
uct of the nusA gene, a protein which can 
bind to the core enzyme but not 10 the holo- 
enzyme); the polymerase moves alona the 
dsDNA. locally unwinding the strands to 
expose the ssDNA template, supervising" the 
correct base-pairing between incoming rNTPs 
and the template, and linking the nucleotides 
in the 5'-to-3' direction (antiparallel to the 
template) with elimination of pyrophosphate. 
In this way. a transient RNA-DNA hybrid 
duplex is formed in the region of the enzyme- 
DNA complex; as the enzyme proceeds, the 
RNA peels away from the template and the 
DNA duplex is restored. 

Elongation continues until a specific termin- 
ation signal (terminator, t) is reached. Termin- 
ators in bacteria vary in efficiency and in 
mechanism of action; secondary structure in 
the transcript itself appears to be important 
in effecting termination. In a rho-imlependent 
('simple') terminator the RNA transcript of 
the termination region contains a GC-rieh 
palindromic seouhnce (which can form a 
stem-and-loop structure) continuous with a 
run of consecutive uridine (rU) residues at 
the 3' end. The stem-and-loop structure 
causes the RPase to pause at the oliso-rU 
region, and the sequence ol rU-tIA base pairs 
(which is relatively unstable) may facilitate 
the release ol the transcript and or dis- 
sociation of the transcription complex. In a 
rho-ttt'/n'tiiiati (complex) terminator, the 
transcript may contain a stcm-aml-loop struc- 
ture (which is not particularly (K'-nch). but 
there is generally no oligo-rll sequence or anv 
other apparent consensus sequence. In this 
case termination requites the participation ol 
a protein, the rtnt ( ( .) f t innr: the n factor is 
apparently active in hevameric lorni. has 
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RNA-dependem NTPase activity (which is 
necessary for termination), and apparently 
interacts directly with the RNA transcript. 
The precise mode of action of p is unknown: 
it has been proposed that there is a p recog- 
nition site in the RNA, and that termination 
occurs at a relatively fixed distance down- 
stream of this recognition site [Book ref. 1S8. 
pp. 155-178). The NusA protein also appears 
to play some role in termination. (Review of 
transcription termination: Book ref. 60. 
pp. 125-161.) 

The initial product of transcription (the pri- 
mary transcript) typically undergoes more or 
less extensive processing and/or modification 
to give the mature RNA product: see e.g. 
entries for mRNA, rRNA and tRNA. 

Initiation and termination of transcription 
are important control points for gene 
expression: see e.g. antitermination. cata- 

BOUTE REPRESSION. OPERON. (See alSO POLAR 
MUTATION.) 

transductant See transduction. 

transduction The virus-mediated transfer of 
host DNA (chromosomal or plasmid) from 
one host cell (the donor) to another (the 
recipient). Transduction was first observed in 
bacteriophage/bacterium systems, but has 
since also been found to be mediated by cer- 
tain viruses infecting eukaryotic cells (see 
retroviridae). The account below concerns 
only ph age/bacterium systems. 

Essentially, when a phage replicates in a 
(donor) cell, a few progeny virions encapsid- 
ate pieces of host DNA. .instead of — or in 
addition to — phage DNA; these virions can 
adsorb to a new host cell and introduce their 
DNA in the usual way. There are two basic 
types of phage-mediated transduction, 

(a) Generalized transduction: any of a wide 
range of donor genes may be transduced, and 
the transducing phage particles contain only 
donor DNA. In some systems any of the host 
genes has a more or less equal chance of being 
transduced, but in other systems some genes 
are transferred at higher frequencies than 
others. For example, in the bacteriophage 
?22J Salmonella system, certain regions of the 
host chromosome resemble the P22 pac site. 
;ind packaging of chromosomal DNA may be 
initiated at and proceed from these sites 
[MGG (1VH2) /<*7 5I6-5IK|: thus, the prob- 
ability of a given gene being transdueed 
depends on its distance from a />«c-like site. 
(Certain 'high-frequency transduction* (HT) 
mutants of P22 have been shown to be defec- 
tive in pac recognition |JMB (1^82) 154 551- 
563|.) 

The fate of the transduced DNA in the 
recipient cell (now called a transductant) 
depends on various factors. If the DNA is a 



transduction 

complete replicon (e.g. a plasmid) it may be 
stably inherited by the transductant. If the 
DNA is a fragment of a chromosome or plas- 
mid. it may undergo one of 3 possible fates, 
(i) It may be completely degraded by the 
recipient cell's restriction endonuclease 
system, (ii) It may undergo recombination 
with a homologous region of the recipient's 
chromosome (or plasmid). so that at least 
some of the genes it carries can be stably 
inherited (complete transduction), (iii) It may 
persist in the cell in a stable but non-replica- 
ting form (abortive transduction). (The trans- 
duced DNA in an abortive transductant may 
exist as a circular DNA-protein complex 
[Virol. (1980) 106 30-U)).) Any donor genes 
present (and linked to promoters) can be 
expressed, and (if they are dominant alleles) 
the transductant will express the donor pheno- 
type in respect of these genes. However, when 
an abortive transductant divides, only one of 
the daughter cells will receive the donor frag- 
ment: the other may nevertheless receive 
sufficient donor-gene products to permit 
expression of the donor phenotype for one or 
a few generations. Such abortive transduction 
is normally manifest by the formation of 
minute (often microscopic) colonies on 
medium selective for transductants: only one 
cell in the colony actually contains donor 
DNA. 

The transduction of one particular donor 
gene is a rare event (e.g. 10" -l(r\ depend- 
ing e.g. on phage). If two or more genes are 
transduced together (cotransduction) they arc 
assumed to occur on the same fragment of 
DNA and are thus closely linked in the donor; 
generalized transduction has thus been used 
in the detailed mapping of donor chromo- 
somes, distances between markers being esti- 
mated by determining their cotransduction 
frequencies. 

(b) Specialized (restricted) transduction is 
mediated only by temperate phages which 
integrate into the host chromosome (see lyso- 
ceny); only bacterial genes immediately 
adjacent to the prophage can be transduced, 
and the transdueed DNA is covaicntly linked 
■ to some or all of the phage genes. For exam- 
ple, when a population of Escherichia adi 
cells lysogenized by HACTKRiom.\t;r. K is 
induced, a small proportion of the progeny 
virions may carry either e«/ or hio host 
genes — often at the expense of certain phage 
genes at the opposite end of the prophage 
(virion component genes in (^//-containing 
particles, control genes in /wxoniaining par- 
ticles); such virions (specialized transducing 
particles. STPs) arise as a result of rare 
aberrant excision events in which recombi- 
nation occurs between sites other than the 
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better applyra^w^T^ 
have "n^S^^sup^rt^uc^ink^*; 
ing, and no way .to get; the data; WitHf; 1 
out funding and jab urheV Whaf dp 
you do? Assuming the rights "are: 
yours to barter, you risk giving away 
the idea if you tell potential collabora- 
tors. And moist manufacturing com- 
panies will be reluctant to sign a con- 
fidentiality agreement until they 
know the basics of an idea. One op- 
tion most scientists are unaware of is 
this: you may be able to protect your 
position by filing a "prophetic" pat- 
ent. 

Any good patent predicts the fu- 
ture, to an extent. An inventor who 
promptly files a patent application 
would be foolish to limit the patent 
coverage to the earliest data. Inven- 
tors must try to predict where a new 
development will lead, and they must 
include those educated guesses in 
their patent applications. 

But there is a special class of pat- 
ents based entirely on hypotheses, 
library research, and discussions — 
rather than lab work. These are truly 
prophetic patents. If the facts are 
right and the words are handled deft- 
ly, they can be as enforceable as any 
other patent. 

Mechanics, Chemistry, or 
Pharmacy? 

In the mechanical field, patents 
usually don't contain examples or ex- 
perimental data. They contain draw- 
ings, and it's not too difficult to draw 
a machine or device that hasn't been 
built, if the inventor has a clear idea 
of how the parts should fit together. 
Besides, the actions of gears, levers, 
and other mechanical components 
are predictable. So it's not very diffi- 
cult to obtain prophetic patents in the 
area of mechanical equipment. If a 
machine doesn't work as claimed, the 
patent simply becomes worthless. 

Prophetic patents are more diffi- 
cult to obtain in chemistry, because 
they could hinder research. If a pat- 
ent could be obtained merely by mak- 
ing a new substance without having to 
prove its utility, anyone who later 
discovers a valid use for that sub- 
stance could be prohibited from us- 
ing it. That would let chemical com- 
panies lock up new areas of chemistry 
merely by synthesizing new corn- 
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pounds, and it would discourage re- 
search on those compounds by any- 
one else. (Stimulating research is an 
important public policy consideration 
behind the U.S. patent statute.) 

In pharmacology, obtaining a pro- 
phetic patent is extremely difficult. 
There is a strong presumption that a 
minor change in molecular structure 
can generate unpredictable effects in 
living organisms. The amino acids 
offer a good example; two molecules 
with exactly the same chemical for- 
mula (such as tryptophan) can have 
totally different effects in living orga* 
nisms — if one is the D isomer and the 
other is the L isomer. As another 
example, penicillin works well in 
mice, rats, and rabbits; no one would 
have predicted that it is relatively 
toxic to guinea pigs. So, if someone 
wants a patent oh a new drug, they 
must prove the drug works as 
claimed. Tests on humans are not 
required; they can be done on lab 
animals 1 or even in tissue culture 2 . 

In any field, a prophetic patent 
application must satisfy several re- 
quirements. Every component or rea- 
gent must be known and available to 
the interested public. The necessary 
information must be in the applica- 
tion, or it must be widely known, 
rather than hidden away in an ob- 
scure publication 3 . The inventor 
must describe how to assemble the 
components into a workable system, 
in words or drawings that can be 
followed and used by people skilled 
in the art. 

If those requirements can be met, 
the written description is called a con- 
structive reduction to practice. In the 
words of the Patent and Trademark 



Office. "Patent law does not require 
an actual reduction to practice..." 

Several court decisions state thai a 
prophetic invention cannot be patent- 
ed unless it is close enough to actual 
completion that only "routine experi- 
mentation" will then be required. 
That standard must be viewed in light 
of several other factors. First, there is 
no specific time limit on "routine ex- 
perimentation." If an experiment 
takes months (e.g., if crop plants or 
large lab animals must grow and age 
to the point of senescence to test a 
plant growth regulator or a treatment 
for Alzheimer's disease), that's okay, 
as long as the experiments can be 
carried out by following instructions 
that don't require "undue creativity." 

Second, the level of "ordinary skill 
in the art" can be very high. In bio- 
technology, the ordinary level of skill 
relates to scientists with Ph.D.s. And 
third, according to an important deci- 
sion by the Court of Appeals for the 
Federal Circuit (CAFC)\ a specific 
invention was unpatentable because it 
was "obvious" 5 . The patent in that 
particular case would have become a 
major force in the field of genetic 
engineering, but the invemors\vaited 
too long while various publications 
(including their own articles) ad- 
vanced the state of knowledge in the 
field. In the words of the CAFC. "For 
obviousness under section 103, all 
that is required is a reasonable expec- 
tation of success." That is a powerful 
incentive for filing an initial applica- 
tion soon after reaching that stage. 
The initial application can be supple- 
mented by "continuation-in-part" 
(CIP) applications with more data as 
the research progresses. 
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The Strahilevitz Decision 

Since the standards for prophetic 
patents in mechanics, chemistry, and 
pharmacy differ, an interesting set of 
opportunities (and problems) arises 
in chemical processing equipment. . 
The leading court decision in this 
area is hi re Strahilevitz** . 

Strahilevitz was a psychiatrist who 
worked with immunology and tech- 
niques for generating antibodies that 
bind to haptens. Haptens are too 
small to elicit an antibody response 
when injected into an animal. Howev- 
er, if haptens are bonded to large 
molecules such as bacterial proteins, 
an injected animal can generate anti- 
bodies that bind to the large mole- 
cule. Some of those antibodies will 
bind to the hapten region of the large 
antigen, and to hapten molecules 
alone. 

It occurred to Strahilevitz that hap- 
ten-binding antibodies could be gen- 
erated, purified, immobilized on a 
substrate such as tiny beads, and load- 
ed into an affinity column. The col- 
umn could he used to remove hap- 
tens from blood circulated through 
the column. This extra-corporeal de- 
vice could, lor example, remove mol- 
ecules such as cocaine or heroin from 
the blood of intoxicated patients. 
Strahilevitz was worried that other 
people might be working on similar 
devices, so his attorney drafted a pat- 
ent application and filed it prompt- 
ly — before he had tested an actual 
working model. 

The examiner rejected the patent 
application since it didn't have any 
data to prove that the device worked. 
The Court of Customs and Patent 
Appeals (which was later expanded 
into the CAFC) held that Strahilevitz 
was entitled to a patent because his 
application satisfied all the require- 
ments of the patent law. 

The patent issued in 1983 
(#4,375,4 14), and the Strahilevitz de- 
cision has been cited about a half- 
dozen times with approval, and so is 
good law. Several related patents 
have also issued since then, and the 
area of research is still active, al- 
though it hasn't vet, reached the com- 
mercial stage. One area of interest 
today involves using that technology 
to remove from blood low-density li- 
poproteins, to reduce cholesterol lev- 
els. 

The Fleming Patent 

Another example of a prophetic 
biotechnology patent is #4.606.42'), 
"Device for Perfusing an Animal 
Head." A patent attorney who spe- 
cializes iti biochemistry and medical 
technology obtained it, using the pen 
name "Chet Fleming" (an unusual 



and non-recommended strategy, 
which was justified in that case based 
on the potential for trouble from ani- 
mal rights advocates). Fleming knew 
about blood processing devices such 
as oxygenators, dialysis units, and 
slow-release drug delivery devices. 
With the help of neurosurgeons, he 
tracked down several old articles that 
reported experiments such as animal 
head transplants and isolated brain 
perfusions, some of which resulted in 
consciousness or brain waves after the 
operation. Alter figuring out a way to 
transfer the blood vessels in the neck 
to a blood processing device without 
disrupting blood supply to the head, 
Fleming filed a patent application on 
a mechanical blood processing system 
to perfuse a severed head. 

Three points of strategy are worth 
noting: (1) The claims in his patent 
did not depend on whether the head 
regained consciousness. Fleming 
needed to describe only one valid use 
for the system, so he pointed out that 
studying a perfused head, even if the 
brain waves are Hat, can be useful in 
the same way that studying a per- 
fused kidney is useful. (2) He limited 
the claims to a mechanical device, 
without trying to claim chemical pro- 



cesses and without getting into inter- 
pretive words such as "alive." (3) 
Shortly before the patent issued, he 
filed a follow-up application covering 
chemical processes and a method of 
prolonging metabolic activities in a 
perfused head. The follow-up appli- 
cation is still pending, which is useful 
because he can work with it, amend 
the claims, and file additional co- 
pending applications. By contrast, the 
issued patent is a silting target for 
opponents. 

Fleming subsequently wrote' that 
his primal v reason for obtaining the 
patent was to ensure that this line of 
potentiallv disturbing research is 
properly reviewed and controlled by 
institutional review panels. His patent 
is being reexamined, based on addi- 
tional prior art discovered after the 
patent was published. As it turns out, 
similar experiments have been tried 
many times; transplanted dog heads 
regained consciousness for more than 
four davs in the early 1970s, and 
isolated brains with no skulls or sen- 
sorv organs generated brain waves 
"almost indefinitely" in the I9tS0s. So 
this line of technology is not as out- 
landish or unlikely as some people 
think. 



Plasmid Recipes And 
The Lundak Decision 



Prophetic patents can be an 
important strategy in genetic en- 
gineering, since they are some- 
times used to avoid having to 
deposit a plasmid or culture of 
cells with a public depository. A 
scientist wanting to patent a new 
plasmid is obligated to divulge 
'the best mode of carrying out 
the invention" known on the day 
the application is filed. Some in- 
ventors will file an application a 
week or so before the plasmid 
becomes available, with a written 
recipe describing how to isolate 
the gene and make the plasmid. 
Since the plasmid wasn't avail- 
able when the application was 
filed, the inventor had no obliga- 
tion to deposit the pla.Miiid itself . 
Af ter the plasmid becomes avail- 
able, the inventor can submit an 
affidavit saving. "Mv recipe 
worked just the wav I predicted. 
I lore's the data to prove it. Am - 
(me skilled tn the ai t < .m follow 
im recipe and make comparable 
plasmids without needing a e 1 1 1 - 
uire of im cells." 



That lactic is still being used, 
but it must be reconsidered in 
light of an alternate process. Un- 
der In re Lumlak (227 LSPQ 90, 
1985) and the new federal rules 
(37 Code of Fed. Regulation 
1.801-809). an inventor can re- 
frain from depositing a biologi- 
cal material, and then argue that 
a deposit is unnecessary. If the 
examiner disagrees and de- 
mands that the material must be 
deposited, the material can be 
deposited at am time while the 
application is ponding. Howev- 
er, this option exists <j///y // the 
plasmid* ot colls existed and 
were speulieallv identified in the 
initial application: oihei wise, the 
prohibition against adding new 
mallet to an application would 
be violated. I herotoie. the best 
stratcgv might be k> file one ap- 
plication ^hoitlx befoie the ma- 
terial hei nines available, and 
then tile a m-huhI appluatiMii a\ 
nmmii a* the maleital i* available. 
If ihe hi n| applu alioii fails, the 
sei mimI i t | M Mill mu t n-d. 



Definitional Problems 

Without data showing that some- 
thing can be done and actually has 
been accomplished, adequately defin- 
ing crucial terms in the claims can be 
very difficult. For example, U.S. pat- 
ent #4,751,081, issued in 1988 to 
Suslow and Jones and assigned to 
Advanced Genetic Sciences (Oakland, 
CA, now merged with DNA Plant 
Technology [DNAP]), describes how 
genes encoding chitinase were isolat- 
ed, inserted into plasmids, and used 
to transform soil bacteria that colo- 
nize plant roots. Expressing chitinase 
in adequate concentration on the sur- 
faces of plant roots might protect the 
plant roots from fungus or nema- 
todes. 

Claims 1-13 in Suslow's patent in- 
volve transformed soil bacteria. The 
prophetic part — and the problems — 
begin at Claim 14: "A method of 
inhibiting chitinase-sensitive plant 
pathogens..." The patent contains no 
data showing that soil bacteria with 
chitinase genes can inhibit nema- 
todes, fungus, or any other plant 
pathogens. The data indicate that the 
chitinase gene did indeed transform 
soil bacteria, but nothing indicates 
that those cells could inhibit (or were 
even tested against) any type of plant 



pathogen. 

The Suslow patent tried to use 
functional language to define the 
phrase "chitinase-sensitive plant 
pathogens;" they were defined as 
"fungi or nematodes which are inhib- 
ited, repelled or destroyed in the 
presence of chitinase." But that leaves 
a major question unanswered: How 
sensitive must they be, and to what 
concentration of chitinase, to fall 
within that phrase? If any quantity of 
chitinase is present around the roots 
of a plant, then according to the logic 
of Suslow's patent, it should exert 
some degree of inhibition, repulsion, 
or destruction of fungi or nematodes. 
Suppose that is tested and doesn't 
work the first time; it doesn't work at 
all unless a super-strong promoter is 
used. The failure of the first experi- 
ment would cast serious doubt on 
whether Suslow's functional language 
would survive a legal challenge. (If a 
patent claim covers non- functioning 
versions of an invention, the patent 
can be challenged and probably over- 
turned on the ground that it is over- 
broad.) Sometimes, the only way to 
overcome that hurdle is by drafting 
more elaborate functional language. 
For example, a claim might include a 
phrase such as, "in concentrations 



which are expressed by transformed 
soil bacteria under competitive condi- 
tions." 

One of the goals of functional lan- 
guage is to create a claim, that effec- 
tively says, "If it works, then it's cov- 
ered by my patent, and if it doesn't 
work, then it's not covered." Howev- 
er, the patent statute requires patents 
to contain "full, clear, concise, and 
exact terms" and to "distinctly claim 
the subject matter." If a court feels 
that a patent is overreaching or will 
do more harm than good by discour- 
aging rather than promoting re- 
search, it can overturn nearly any 
prophetic patent which contains 
functional language, by declaring 
that the patent is "merely an invita- 
tion to experiment." 
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[57] ABSTRACT 

A protective garment fabricated at least in part from a 
composite fabric which contains a layer of a highly 
fluorinated ion exchange polymer having sulfonic acid 
functional groups, all the components of said composite 
fabric being hydrophilic. 

21 Claims, No Drawings 
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PROTECTIVE CLOTHING OF FABRIC 
CONTAINING A LAYER OF HIGHLY 
FLUORINATED ION EXCHANGE POLYMER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of our prior 
copending application U.S. Ser. No 06/168,638 filed 
July 11, 1980, now abandoned which in turn is a con- 
tinuation-in-part of our prior application U.S. Sen No. 
06/138,681 filed April 9, 1980, now abandoned. 

BACKGROUND OF THE INVENTION 
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Protective clothing of many types is now well-known 
for many and varied uses in protecting people from fire 
and harmful substances, such as suits for industrial 
workers, flame- and fire-resistant suits for firemen, for- 
est fire fighters, race car drivers and airplane pilots, and 
suits for use by military personnel. Garments include 
not only complete, hermetic suits, but also individual 
garments such as trousers, jackets, gloves, boots, hats, 
head coverings, masks, etc. 

Regulations restricting exposure to hazardous envi- 
ronments of various kinds, such as the Occupational 
Safety and Health Act, make it increasingly necessary 
to have better and more effective kinds of protective 
garments. 

Such garments presently available are almost invari- 
ably of thick construction and heavy in weight, and are 
often fabricated at least in part from materials imperme- 
able to water or water vapor, such as natural and syn- 
thetic rubbers and elastomers, chlorinated rubbers, etc. 
In the case of garments impermeable to water vapor, 
there is considerable discomfort to those wearing them, 
especially when the garments are of the hermetic vari- 
ety, because of the entrapment of perspiration and body 
heat Entrapment of heat and perspiration results in 
considerable discomfort of itself, and the heat stress 40 
which results from the prevention of loss of heat by the 
ordinary mechanism of evaporation of perspiration can 
rapidly reach a dangerous stage of heat prostration for 
the person wearing the garment. 

It is an object of this invention to provide improved 
protective garments which possess the ability to permit 
the passage of water vapor through the fabric of the 
garment, and thereby provide improved comfort for the 
person wearing the garment. 

It is another object of this invention to provide im- 
proved protective garments which possess not only the 
ability to permit the passage of water vapor through the 
fabric, but also the ability to act as a stable barrier to the 
passage of most organic substances, including toxic 55 
compounds, through the fabric. Such garments could 
protect those exposed to a wide variety of organic or 
harmful compounds. 

It is a further object to provide such garments which 
are thin and light weight and which thus will more 
readily permit loss of heat by virtue of their light weight 
construction. 



meable to water vapor but substantially impermeable to 
most organic substances. 

More specifically, the present invention provides for 
the use in protective clothing of a composite fabric, said 
fabric containing as the essential component thereof a 
continuous film of a highly fiuorinated ion exchange 
polymer having sulfonic acid functional groups, there 
being at least one fluorine atom attached to each carbon 
atom to which each said functional group is attached, 
said polymer having an equivalent weight no greater 
than about 2000, all the components of said composite 
fabric being hydrophilic. 

There is also provided according to the invention a 
protective garment fabricated at least in part from the 
composite fabric described in the previous paragraph. 

There is further provided according to the invention 
a process wherein (a) water permeates from a first space 
adjacent a first side of a barrier to a second space adja- 
cent the second side of said barrier, said barrier having 
as the essential component thereof a continuous film of 
a highly fiuorinated ion exchange polymer having sul- 
fonic acid functional groups, there being at least one 
fluorine atom attached to each carbon atom to which 
each said sulfonic acid group is attached, said polymer 
having an equivalent weight no greater than about 2000, 
and (b) a hazardous substance, said substance being a 
toxic organophosphorus compound having a 



O 
II 

-P — OR 

I 



45 



moiety wherein R is a Ci to Cioalkyl group, or a blister- 
ing agent which contains two or more chloroethyl 
groups, present in said second space (i) permeates only 
slowly into said barrier and (ii) that portion of said 
hazardous substance which permeates into said barrier 
is detoxified at least in part by said polymer, whereby 
the rate of penetration of said hazardous substance into 
said first space is substantially decreased. 

DETAILED DESCRIPTION OF THE 
INVENTION 



SUMMARY OF THE INVENTION 

Briefly, the invention comprises using as a compo- 
nent of the fabric of a protective garment a layer of an 
ion exchange polymer, preferably a semipermeable ion 
exchange polymer. By "semipermeable" is meant per- 



The composite fabric from which protective gar- 
ments of the invention are made contains as the essential 
component thereof a continuous film or layer of a 
highly fiuorinated ion exchange polymer having free 
50 sulfonic acid functional groups, there being at least one 
and preferably two fluorine atoms attached to the car- 
bon atom to which the sulfonic group is attached. By 
"highly fiuorinated" is meant that the polymer in ion 
exchange form has at least as many C— F groups as it 
has C— H groups. 

A film of a highly fiuorinated ion exchange polymer 
having free sulfonic acid groups swells markedly when 
it absorbs water, and thus may not be a preferred func- 
tional group when rejection of certain organic sub- 
stances by the garment is required. However, the free 
sulfonic acid groups in such a polymer are easily con- 
verted to the alkali metal salt form by an aqueous solu- 
tion of an alkali metal salt, which salt form of the poly- 
mer swells less. Conversion of the sulfonic acid form to 
the sodium salt form can gradually occur during wear- 
ing of a garment simply from contact with the salt in 
perspiration. When it is desirable to have a layer in a 
garment maintained in the sulfonic acid form even after 
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the wearer has perspired, as when there is potential mil) thick, and even down to about 1 micrometer (0.04 
exposure to a toxic or other hazardous substance which mil) thick, can be made. For garments intended for 
can be detoxified by contact with an acid, two separated protecting the wearer from exposure to a harmful sub- 
layers of the highly fluorinated ion exchange polymer stance, the layer of highly fluorinated ion exchange 
can be used; the inner layer of such polymer can sub- 5 polymer should be continuous, i.e., it should be substan- 
stantially prevent contact of the salt in perspiration with tially free of pinholes, so as to prevent leakage of or- 
the — SO3H groups in the second, outer layer of the ganic substances to within the garment. A layer of 
polymer. highly fluorinated ion exchange polymer about 12 to 50 

The highly fluorinated ion exchange polymers can be micrometers (0.5-2 mil) thick is most preferred, 

copolymers of fluorinated monomers containing the 10 The highly fluorinated ion exchange polymer should 

sulfonic functional group with nonfunctional monomers b e of high enough molecular weight to be film forming 

such as tetrafluoroethylene, trifluoroethylene, vinyli- and to have adequate toughness to survive conditions of 

dene fluoride, chlorotrifluoroethylene, etc. The poly- wear without developing leaks which would destroy its 

mers are preferably perfluorinated polymers prepared integrity, and can be, e.g., linear or branched, 

from perfluoro sulfonic monomers and tetrafluoroethyl- 15 The component fabrics used in making the composite 

ene. Such polymers and their preparation are now well- fabric are many and varied in t They can be but are 

Kt nC TJ? 2c T 9 t f Fe deScnbed ' Tu U * S ', not limUed to. cotton, rayon, wool, silk, linen, polyester 
No. 3,282 875. Such polymers are unaffected by a large $uch as polyethy i ene te rephthalate, polyamides such as 
variety of chemicals including , typical decontamination poIvhexamethylene adiparn i de , polyhexamethylene 
systems used alter exposure o a protective garment to 20 de canedicarboxamide, polyhexamethyi ene dodecanedi- 
vanous tox.c and harmful chemicals. Perfluonnated carboxamide> p 0 i y . e psilon-c a proamide or the polyam- 
polymers of this type have retained good physical prop- • > c J- - , . 1 j 

*J r , » ui • j . i/\ lde of bis-para-aminocyclohexylmethane and 

erties after exposure to chlorine gas and strong hot . . , K .. -j -j . 1 

caustic solution within an operating chloralkali cell for dodecanedicarboxylic acid, aram.ds such as P o y-meta- 
times in excess of two years 25 P^nylene isophthalamide or poly-para-phenylene ter- 

So as to have a high moisture permeability which will ephthalamide, polyolefins such as polyethylene, poly- 
provide a garment having comfortable wearing proper- P ro P vlen f or polyte rafiuoroethylene, acrylics such as 
ties, the highly fluorinated ion exchange polymer polyacry onitnle, polybenzimidazoles, polyarylene sul- 
should have an equivalent weight of no greater than [ ld f - Polyaryiene-imide-amides, polyphenol-formalde- 
about 2000, preferably no greater than about 1500. (The 30 hyde, polyimides, glass, flame-retardant cotton, etc., 
equivalent weight of such a polymer is the number of and blends of tw0 or more of the foregoing. Carbonized 
grams of polymer which, when in H+form, provides cotton » ac rylic, etc - fiber or fabric, or other adsorptive 
one mol of hydrogen ion.) Equivalent weights as low as materials m any form such as activated carbon, can also 
1100 and even 1000 provide exceptionally high water be mcl uded as components of the composite fabrics. A 
vapor transmission rates. The water vapor transmission 35 component fabric can be woven, including, e.g., plain 
rates of fabrics containing a layer of such polymer is and ri P st °P weaves, knitted, nonwoven, felted, spun- 
sufficiently high to permit the loss by permeation of bonded, or poromeric fabric, or a fibrillated film, or a 
enough perspiration so that a person wearing the gar- f l,m or extrudate made or treated by any means to make 
ment is substantially more comfortable than he would xX porous or microporous. In the case of such micropo- 
be if weaving an impermeable garment. However, with 40 rous component, those having a pore size of at least 
increase in equivalent weight, the suppleness of the about 0.5 micrometer are preferred. Activated carbon 
highly fluorinated ion exchange polymer increases, or other adsorptive substances can be incorporated in 
such polymer is more easily extruded in thinner films, tne composite fabric by distributing it in a thin foamed 
and mechanical properties such as flex life improve; l aver included as one component of the composite fab- 
such factors can be considered when selecting the 45 ric » or in any one layer or between two layers of said ion 
equivalent weight of the polymer to be used in any exchange polymer, or in any other suitable manner, 
particular composite fabric. All of the components of the composite fabric of the 

The thickness of the layer of highly fluorinated ion invention, whether they be fabrics or continuous films, 
exchange polymer is not critical to the permeation rate should be hydrophilic in nature. The term "hydro- 
of water vapor, which is so high that it is almost inde- 50 philic", when used in reference to a film, means that 
pendent of the thickness of the film in the range of such film will transfer substantial amounts of water 
thickness dealt with herein. In some cases where a gar- through the film by absorbing water on one side where 
ment is to protect the wearer from exposure to a harm- the water vapor concentration is high, and desorbing or 
ful compound, extremely thin layers of the highly fluo- evaporating it on the opposite side where the water 
rinated ion exchange polymer may not be suitable. In 55 vapor concentration is low. The term "hydrophilic", 
those cases where the composite fabric is made by iami- when used in reference to a fabric, means that water 
nation of one or more component fabrics with a pre- will spread on the fabric and wick into its porous struc- 
formed film of the highly fluorinated ion exchange ture. In the case of those component fabrics listed in the 
polymer or a precursor polymer thereof, the thickness previous paragraph which are not hydrophilic, such as 
of the film used is generally in the range of about 10 to 60 microporous polytetrafluoroethylene fabric, they must 
125 micrometers (about 0.4 to 5 mils), preferably about be impregnated throughout the structure and on both 
10 to 50 micrometers. In those cases where one step in surfaces with sufficient hydrophilic polymer to render 
preparation of the composite fabric is coating a compo- them, in effect, reinforced hydrophilic films; non- 
nent fabric with a solution of the highly fluorinated ion hydrophilic materials when so impregnated and coated 
exchange polymer or a precursor thereof followed by 65 lose their non-hydrophilic character and behave as hy- 
removal of the solvent by drying, composite fabrics drophilic components. Films of the highly fluorinated 
containing a thinner layer of highly fluorinated ion ion exchange polymers referred to hereinabove are 
exchange polymer, down to about 2.5 micrometers (0.1 hydrophilic, and such polymers are suitable for render- 
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ing hydrophilic those component fabrics which would 
otherwise be non-hydrophilic. 

The composite fabric can take any of manifold forms. 
In addition to the layer of highly fluorinated ion ex- 
change polymer, the composite fabric further comprises 5 
at least one layer of component fabric, preferably at 
least two layers of component fabric which may be the 
same or different. When the composite fabric contains 
at least two layers of component fabric, preferably there 
will be at least one layer of component fabric on each 10 
side of the layer of ion exchange polymer so as to pro- 
vide protection to the latter from mechanical damage. It 
is further preferred to use as one of the outermost com- 
ponent fabrics a layer of a flame-resistant and/or wear- 
resistant fabric, and to fabricate the garment with such 15 
component fabric being on the outside of the garment. 

A preferred embodiment of the composite fabric is 
that made from only one layer of component fabric in 
addition to the layer of highly fluorinated ion exchange 
polymer. Such composite fabric is intended to be used 20 
in a protective garment with the layer of highly fluori- 
nated ion exchange polymer on the outside of the gar- 
ment, and the component fabric side of the composite 
fabric on the inside of the garment; this orientation of 
the composite fabric presents a smooth, non-porous, 25 
barrier surface against a cloud of toxic gas or liquid 
droplets, and thereby does not absorb or trap any of the 
toxic substance in pores or interstices of the composite 
fabric, thus permitting easy decontamination after expo- 
sure to the toxic substance. Garments which are fabri- 30 
cated with a porous or microporous surface toward the 
outside, once contaminated by entrapment of a toxic 
substance in the pores, are at least extremely difficult, 
and often impossible, to decontaminate, and when de- 
contamination is impossible must be carefully disposed 35 
of after but a single use. The protective garments of the 
invention are easily decontaminated, and thus provide 
for multiple reuse of the garment. With the indicated 
orientation of the composite fabric, there is the further 
advantage that the inner layer of hydrophilic compo- 40 
rient fabric soaks up perspiration and brings it into direct 
contact with the outer layer of moisture-transporting 
ion exchange polymer. Accordingly, the composite 
fabric of the invention possesses advantages over 
known fabrics which have a hydrophobic microporous 45 
layer on either side of another component fabric. 

It should be noted that there are some situations in 
which the exposed outer layer of highly fluorinated ion 
exchange polymer could be damaged, in which case the 
loss of integrity of the barrier layer of the garment 50 
would endanger the person wearing the garment; in 
those situations, it is advisable that a wear-resistant 
outergarment be worn over the protective garment to 
aid in precluding damage to the latter. Such overgar- 
ments, following contamination, can either be laun- 55 
dered for reuse, or be of inexpensive, light-weight con- 
struction adapted for discarding after exposure to a 
toxic substance. 

The composite fabric can be made from the compo- 
nent fabrics and either a film of highly fluorinated ion 60 
exchange polymer or a fabric either melt- or solution- 
coated with a continuous layer of highly fluorinated ion 
exchange polymer. The composite fabric is made in 
some cases by the use of heat and either vacuum or 
pressure, and in other cases by using suitable adhesives 65 
or meltable or soluble polymers to adhere the several 
components together. In some cases, the highly fluori- 
nated ion exchange polymer is maintained in the form of 
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a mell-fabricable precursor, e.g., with functional groups 
such as — SO2F, during formation of the composite 
fabric, and after the composite fabric has been made the 
melt-fabricable precursor is hydrolyzed or otherwise 
chemically modified to the ion exchange form defined 
above. In those cases where a precursor of a highly 
fluorinated ion exchange polymer having more diffi- 
cultly hydrolyzable functional groups, such as — SO2F 
groups, is used in combination with a component fabric 
of polyolefin or polyfiuorinated polyolefin, hydrolysis 
can be under any suitable conditions such as those used 
with hydrolysis bath A in the examples below, but when 
such a polymer is used in combination with a compo- 
nent fabric of a nylon, cotton, wool or other polymer 
which may be damaged by vigorous hydrolysis condi- 
tions, hydrolysis after fabrication of composite fabric 
prepared therefrom should be under milder conditions 
such as with ammonium hydroxide. A highly fluori- 
nated ion exchange polymer having sulfonyl functional- 
ity can alternatively be put into the form of the sulfonic 
acid, sulfonamide or substituted sulfonamide, or an al- 
kali metal, ammonium or amine salt thereof (preferred 
amines include p-toluidine and triethanolamine) before 
forming a composite fabric therefrom, and in such cases 
the composite fabric can be prepared by using a small 
amount of a highly fluorinated ion exchange polymer 
having, e.g., — COOCH3 functional groups as an adhe- 
sive bonding agent, which can be hydrolyzed under 
mild conditions, or by using other types of adhesive 
such as ethylene/vinyl acetate based hot melt adhesives 
or two-component epoxy adhesives. Composite fabrics 
made without an adhesive bonding agent are preferred, 
inasmuch as most bonding agents interfere with passage 
of water through the composite fabric, and to the extent 
used, reduce the active area through which water per- 
meates. If such an adhesive bonding agent is used, a 
highly fluorinated ion exchange polymer having, e.g., 
— COOCH3 functional groups is preferred, as it can be 
hydrolyzed to alkali metal carboxylate form which has 
a high permeability to water; such polymers are known 
in the art, e.g., in Belgian Pat. No. 866,121. The various 
salt forms of a functional group can freely be intercon- 
verted from one to another, and to or from the free acid 
form, in either a component material or a composite 
fabric, as desired, by treatment with a solution contain- 
ing the cation of the desired form. The composite fabric 
can be made from the components in some cases in a 
single operation, and in other cases by a series of se- 
quential steps. 

The composite fabrics described above can be used in 
fabrication of protective garments by techniques known 
in the art, including sealing of seams and joints by use of 
radio frequency heating or other known electronic 
bonding techniques, or by heat and pressure, in some 
cases with the aid of adhesives or sealants at the seams 
and joints to prevent leaks at those points. Garments 
can also be made by sewing, but in cases where a leak- 
free construction is desired the sewn seams should also 
contain a sealant or adhesive. 

The composite fabrics and garments made therefrom 
are highly permeable to water vapor. Accordingly, a 
person wearing such a garment does not suffer heat 
stress which results from interruption of the usual 
mechanism of loss of body heat by evaporation of the 
water of perspiration, and discomfort from the retention 
of the water of perspiration within the garment is re- 
duced. While the composite fabrics are also permeable 
to a few low molecular weight organic compounds such 
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as methanol and ethanol, and while the permeation rate hollow roll with a spacing of about 6 mm (J inch) be- 

for an organic compound depends on the type of com- tween their two surfaces. 

pound and its molecular weight, the permeation rates During a lamination run, porous release paper was 

for most organic compounds are extremely low and in used in contacting the hollow roll as a support material 

the case of many organic compounds the composite 5 to prevent adherence of any component material to the 

fabric is substantially impermeable to the compound. It r0 U surface and to allow vacuum to pull component 

is believed that the composite fabrics described herein materials in the direction of the hollow roll. Feed and 

possess barrier properties against a variety of hazardous ta keoff means were provided for the component materi- 

substances, poisonous compounds, blistering agents, a i s and product. In the feed means one idler roll of 

lachrymators, and irritants. As will be seen, the compos- 10 smaller diameter than the hollow roll was provided for 

ite fabrics permit the passage of large amounts of water re i ease paper and cornpone nt materials. The feed and 

va £? r * - , . . takeoff means were positioned to allow component 

The protective garment of this invention is believed materiaIs t0 around the ho]low r0 „ Qver a , lh of 

to have the ability to protect the wearer against hazard- about 5/6 of its circumference . A further idler roH was 

ous substances such as certain toxic organophospho- 15 ided for the re lease paper allowing its separation 

rous compounds that are anticholinesterases, which ^ the Qther materials ^ ff means g were P rovided 

compounds have the common feature that they contain for the felease an(j a site fabrjCi 



EXAMPLE 1 



O 20 



A composite fabric was prepared from (1) a piece of 
— p— OR component fabric having 27.5 threads/cm (70 thread- 

t s/in) of 1.5 denier filaments of poly-meta-phenylene 

isophthalamide in the warp and 19 threads/cm (48 
moiety where R is a Cj to C to alky I group, and haloge- 25 lhreads < in ) . of «ke filaments in the woof in a plain 
nated organic sulfides and amines such as the blistering ^ eave ' ***** a we, ^ ht f of " mg/cm2, about 10 cm by 
agents which contain two or more chloroethyl groups, I 5 Cm ' a " d J 2) a P«c of a film of a copolymer of per- 
e.g., compounds of the formula (C1CH 2 CH 2 )2Z, where nuoro(3,6-dioxa.4-methyl-7-octenesulfonyl fiuoride)(- 
Z is S or NQ, and Q is CH 3 — , C 2 H 5 — or CICH 2 CH 2 — referred to herein as PSEPVE) and tetrafiuoroethylene 
The essential component of the composite fabric used in 30 ( referred t0 herein M TFE ) having an equivalent weight 
making the protective garment, a highly fiuorinated of 1350, the film having a thickness of about 36 microm- 
poiymer having — SO3H functional groups and at least eters < U mils > and bein S hydrolyzed on one surface 
one fluorine atom attached to each carbon atom to only to a depth of about 15 micrometers (0.6 mil) to the 
which each — SO3H group is attached, is a strong acid — SO3K form, the piece of film being slightly larger 
which is believed to be capable of detoxifying such 35 f han tne P iece of fabric. The lamination was carried out 
hazardous substances. In the examples, it is demon- in . the apparatus just described, using a web of paper 
strated that highly fiuorinated ion exchange polymer is with a window cut in it to carry the components 
capable of hydrolyzing triethyl phosphate, a compound through the apparatus. The piece of fabric was taped 
chosen as a model compound to simulate the toxic or- mto tne window, and the piece of film was taped over 
ganophosphorus compounds. The ability of the highly 40 tne fabric. As measured by thermocouples, the hollow 
fiuorinated ion exchange polymer to act as a barrier to r0 ^ was heated to 240* C. by the internal heaters and 
such organic substances, and additionally to detoxify at the temperature indicated by a thermocouple at the 
least in part that portion which permeates into the bar- radiant heaters was 360° C. The vacuum in the hollow 
rier, thus substantially retards the rate of penetration of ro11 was 0 84 Atmospheres below atmospheric pressure, 
such organic substances into the space within a protec- 45 The line was run at 30 cm/minute (1 ft/min), to provide 
tive garment of the invention. a dwell time in the heated portion of the apparatus of 1.5 

The composite fabrics have good mechanical proper- minutes. During lamination, the component cloth con- 
ties, such as toughness, strength and flex life. Both the tacted the release paper on the heated hollow roll, and 
composite fabrics and garments fabricated from them the film was placed with its unhydrolyzed side, i.e., the 
have good storage stability, such that the garments can 50 — S0 2 F side, against the component fabric, 
be retained for long periods before actual use of them. In the resulting composite fabric, the film was pulled 

To further illustrate the innovative aspects of the deep into the surface contour of the fabric but not into 
present invention, the following examples are provided. the interior; the yarn crossover points of the fabric were 
In the examples, water permeabilities were measured not bonded together, and the composite fabric had a 
in accordance with ASTM (American Society for Test- 55 good hand. 

ing Materials) method E 96-66, using the upright or The composite fabric was placed in a solution of 50 
inverted cup techniques as indicated. Permeabilities to volume % methanol and 50 volume % of 28% aqueous 
substances other than water were measured by a similar ammonium hydroxide at ambient room temperature, 
technique, except at uncontrolled, ambient relative hu- about 18* C, for 45 hours, to hydrolyze the remaining 
midilv - 60 — S0 2 F groups. The composite fabric with sulfonic 

In Examples 1 and 2 apparatus for continuous prepa- acid ammonium salt functional groups was then treated 
ration of composite fabric was employed which com- for 1 minute with IN aqueous hydrochloric acid to put 
prised a hollow roll with an internal heater and an inter- the functional groups into — SO3H form, and part of 
nal vacuum source. The hollow roll contained a scries that composite fabric was treated with aqueous NaCI 
of circumferential slots on its surface which allowed the 65 solution to make the — SOsNa form. The acid (hydro- 
internal vacuum source to draw component materials in gen) and sodium salt forms were tested for water vapor 
the direction of the hollow roll. A curved stationary permeability by the inverted cup method, with results as 
plate with a radiant heater faced the top surface of the shown in Tabic I. 



Form and orientation 


Vapor transmission 
g/m 2 day 


H form, component fabric 


25,570 


facing water in (he cup 




Na form, component fabric 


28.780 


facing water in the cup 




Na form, component fabric 


7,300 


facing outside the cup 







Vapor transmission 


Form 


g/m 2 day 


H 


14,030 


Na 


16.030 
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TABLE 1 drolyzed composite fabric felt softer than the composite 

fabrics of Examples 1 and 2, and had some stretch char- 
acteristics. A portion of the composite fabric was con- 
verted to hydrogen form by treating with aqueous hy- 
5 drochloric acid, and another portion was converted to 
sodium form by treating with aqueous NaCl solution. 
Permeabilities to water were measured by the inverted 
cup technique, with the component fabric side of the 
composite fabric facing the water in the cup, with the 
10 results shown in Table 3. 

EXAMPLE 2 TABLE 3 

A composite fabric was prepared from continuous 
lengths of (1) a component fabric of 40/2 cc yarns of a 
50:50 blend of poly-meta-phenylene isophthalamide and 15 
poly-para-phenylene terephthaJ amide staple fibers 
woven in a 2 by I twill as described in Example 2 of 
U.S. Pat. No. 4,120,914, and (2) a Him like that em- 
ployed in Example 1 above. The lamination was carried EXAMPLE 4 
out in the same apparatus just described, with the same 20 a solution of 25 ml of triethyl phosphate, 
conditions as in Example 1 except that the vacuum in (C H 3 CH 2 0)3P=0, in 75 ml of water was divided into 
the hollow roll was 0^75 Atmospheres below atmo- tw0 , To Qne (A) was added , Ql of a 
spheric pressure As in Example 1 the component cloth PSE p VE/ rFE copolymer which had been hydrolyzed 
contacted the release paper on the heated hollow roll, tQ the form havi _$o 3 H groups, having an equiva- 
and the film was placed with its unhydrolyzed side 25 i ent weight of 1 100, and in the fom of a powder of 60 
against the component fabric. The composite fabric so . 1AA * . — , a , /tJ . , r . 
made was found to be free of leaks. Half of the compos- 0 °° m " h - ™ e other P ar ( , B > ™ ' eta ' ned " a ' T on ; 
ite fabric so made was placed in a solution of 60%by ,rol : J 5 "?* 1 P "\ waS se f arate| y « ,rred Sam P>« < 5 ml 
volume of methanol and 40% by volume of 28% aque- of P art . A were taken at U ™ ,nterva,s < stlrrm S 
ous ammonium hydroxide at about 18* C. for 65 hours 30 was 'emporanly stopped to permit the powder to settle 
to hydrolyze the remaining -S0 2 F groups, washed when each sample was taken so that .t would be free of 
with water, washed with an aqueous solution contain- pov r d „ e £ T a " d *J ac , ,d formed by W™^™ was l . ,trated 
ing 2% by wt. acetic acid and 1 % by wt. sodium chlo- w,th 01N Na °? s f lut, ° n " s,n e phenolphthalein mdica- 
ride, washed with water, and air dried, the ion exchange t0 , r ' as ^summarized in Table 4. Neither of two samples 
groups of the resulting composite fabric being in the Na „ | aken from P art B - 5 mI after 88 hrs and 25 ml after 136 
form. One sample of the resulting composite fabric was hrs - squired any 0.1N NaOH for neutralization, thus 
placed in boiling water for 30 minutes before testing for showing that no hydrolysis occurred in the control part 
water permeability. Another sample of the same com- without the ion exchange catalyst, 
posite fabric was soaked in 2N hydrochloric acid to TABLE 4 
prepare the — SOjH form, washed with water, soaked w 
in water at 60* C. for 20 minutes, and air dried. Samples 
were tested for water permeability, in all cases by the 
inverted cup method and with the component fabric 
side of the composite fabric facing the water in the cup, 
with the results shown in Table 2. 



45 



Time (hours) 


ml. of 0.1 N NaOH 


18 


0.25 


20 


0.40 


24 


0.60 


88 


0.80 


112 


0.90 



TABLE 2 





Vapor transmission 


Form 


g/m J day 


Na form as first prepared 


8,530 


Na form after treatment in 


28,470 


boiling water 




H form 


. 32,530 



Based on the assumption that only monobasic hydroly- 
sis of the ester occurred, the overall average rate of 
hydrolysis for the total 1 12 hours is about 0.02 meq. of 
50 phosphate ester group hydrolyzed per day per gram of 
ion exchange polymer. The rate for the initial 24 hour 
period was about 3 times greater. 

It should be noted that treatment of a highly fluorinated EXAMPLE 5 

ion exchange polymer with water at high temperature, 55 Samples of PSEPVE/TFE film having an equivalent 
such as with boiling water, is known to cause the poly- weight of 1075 and thickness of 127 micrometers were 
mer to swell (see U.S. Pat. No. 3,684,747). hydrolyzed to — SOjK form with a hydrolysis bath 

consisting of 15% by wt. potassium hydroxide, 25% by 
wt. dimethylsulfoxide and 60% by wt. water (referred 
A composite fabric was prepared from continuous 60 to herein as hydrolysis bath A), the functional groups in 
lengths of (1) a component fabric which was a 22 cut one portion of the film were converted to — S03Na 
jersey having a weight of 15.6 mg/cm 2 (4.6 oz/sq yd) form by soaking in a 10% by wt. aqueous solution of 
knit from 20/1 cc yarn of poly-meta-phenylene isoph- NaOH, in another portion of the film to — SOjCs form 
thalamide, and (2) a film like that employed in Example similarly with an aqueous CsOH solution, and in yet 
1 above. The lamination was carried out with the same 65 another portion of the film to — SO3H form by treat- 
apparatus and in the same manner as described in Exarn- ment with aqueous hydrochloric acid. Permeabilities to 
pie 2, and the composite fabric so made was hydrolyzed various substances were determined as indicated in 
in the same manner as in Example 2. The resulting hy- Table 4 by the inverted cup method. 



EXAMPLE 3 
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TABLE 5 


Metal ion of 






functional 




Vapor transmission, 


group 


Compound 


g/m 2 day 


Na 


methanol 


29,000 


Na 


chloroform 


5.9 


Na 


hexane 


4.8 


Na 


carbon tetrachloride 


5 


Na 


toluene 


8.6 


Na 


CFCI 2 CF 2 CI 


6.3 


Cs 


methanol 


612 


Cs 


carbon tetrachloride 


0.8 


H 


hexane 


1.65 


H 


toluene 


6.25 
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EXAMPLE 6 1J 
Flame resistance tests 

A composite fabric was prepared by heating under 
pressure a piece, 16 cm in diameter, of a microporous 
polytetrafluoroethylene cloth having an average pore 2 0 
. size of 0.5 micrometers, a porosity of 80%, and a thick- 
ness of 25 micrometers (the cloth having a microstruc- 
ture characterized by nodes interconnected by fibrils, 
made by high-rate stretching at an elevated temperature 
of an unsintered, dried paste extrudate of polytetrafluo- 25 
roethylene, as described in U.S. Pat. No. 3,962,153, and 
commercially available from W. L. Gore & Associates, 
Inc., under the trademark Gore-Tex), and a piece, 10.5 
cm in diameter, of a film of a PSEPVE/TFE copoly- 
mer having an equivalent weight of 1100 and a thick- 30 
ness of 25 micrometers (1 mil) in a hydraulic press at 
240* C. for 1 minute and a force of 30,000 kg. The re- 
sulting transparent, leak free, composite fabric was 
treated with hydrolysis bath A at 100° C. for 1 hour, to 
put the functional groups of the copolymer in — SO3K 35 
form, washed and dried, and flame tested. In the flame 
test, a piece of the composite fabric, 12 cm by 4 cm, was 
held horizontally by metal clamps in the flame 3 cm 
above a burning wooden match for 15 seconds. The 
composite fabric did not burn; there was slight charring 40 
without destroying the fabric. The behavior was the 
same when the flame was applied either to the center or 
to the edge of the film. 

In a second test, a piece of composite fabric prepared 
as described in the previous paragraph, except that the 45 
film of PSEPVE/TFE copolymer had an equivalent 
weight of 1200 and a thickness of 51 micrometers (2 
mils), and the components were bonded at 290* C with 
a force of 18,000 kg, was used. After hydrolysis with 
hydrolysis bath A as above, it was held vertically, and 50 
the flame of a propane torch was applied to the edge of 
the fabric. The fabric ignited only when the hot, inner, 
blue cone of the flame impinged on the fabric. The 
fabric was self-extinguishing, i.e., the fabric stopped 
burning when the (lame was removed. 55 

Although the flame resistance tests were carried out 
with composite fabrics wherein the functional groups of 
the copolymer were in the — SOyK form, the tests are 
nevertheless indicative of the flame resistance of the 
composite fabrics where the functional groups are in the 60 
— SO3H form. 

Comparative Examples A, B, C and D 

In Example A, permeabilities were measured for a 
film of regenerated cellulose (cellophane) having a 65 
thickness of 25 micrometers (1 mil). Although it has a 
high water vapor permeability, in excess of 10,000 
g/m 2 day, and, by the inverted cup method had a per- 
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meability of 36 g/m 2 day to 2-chloroethyl ether and of 
11 g/m 2 day to n-propyl sulfide, it shatters and tears 
when mechanically abused and it makes noise when 
flexed, and was thus considered unsuitable for use as a 
component of a composite fabric. 

In Example B, a chlorinated polyethylene fabric 
(commercially available under the name "Chloropel") 
was found to have a permeability of 3000 g/m 2 day for 
2-chloroethyl ether, which is so high as to make it un- 
suitable as a component of a composite fabric for pro- 
tective garments. The material was also swollen and 
delaminated where contacted by 2-chIoroethyt ether. 

In Example C, a film 127 micrometers thick of a 
copolymer of ethylene and methacrylic acid having an 
equivalent weight of 576 was tested for permeability in 
both the free acid (hydrogen) form and in the sodium 
salt form. Although the permeability (inverted cup) to 
2-chloroethyl ether was considered good, 8.8 g/m 2 day 
in the sodium form and 6.2 g/m 2 day in the hydrogen 
form, the permeability (inverted cup) to water vapor 
was 1690 g/m 2 day in the sodium form and 5 g/m 2 day 
in the hydrogen form, these values for water being 
considered too low to provide the comfort level desired 
for a protective garment 

In Example D, a membrane comprising a film of a 
polystyrenesulfonic acid having an ion exchange capac- 
ity of 2.7 meq/g of dry resin, backed by a fabric of vinyl 
chloride/acrylonitrile fibers having a weight of 14 
mg/cm 2 and being 34% by wt. of the membrane, the 
membrane thickness being 0.6 mm (commercially avail- 
able from Ionics, Inc.) was found to have a permeability 
(inverted cup) of 19,600 g/m 2 day for water vapor, and 
of 1,640 g/m 2 day for 2-chloroethyl ether. 

Industrial Applicability 

Composite fabrics containing a continuous film of a 
highly fluorinated ion exchange polymer as defined 
herein are useful in protective garments such as jackets, 
trousers, complete suits hermetically sealed, gloves, 
boots, hats, head coverings, masks, etc. The garments 
are broadly useful for providing protection to workers 
in the chemical industry, firemen, forest fire fighters, 
race car drivers, crop dusters and airplane pilots, and 
they may have value for defensive use by military per- 
sonnel. They are believed to provide protection against 
blistering agents which contain chloroethyl groups and 
toxic organophosphorus compounds by a dual action of 
preventing penetration by part of the substance, and of 
detoxifying at least part of the substance which pene- 
trates into the ion exchange barrier layer of the gar- 
ment. The garments provided herein are technically 
advanced over those previously known in that they 
readily permit loss of perspiration and body heat while 
providing the needed protection. The garments are also 
waterproof in the sense that gross amounts of liquid will 
not penetrate the ion exchange film. The water entry 
pressure of the composite fabric is an order of magni- 
tude above that of ordinary waterproof fabrics. Gar- 
ments of the composite fabrics are virtually ^water- 
tight", yet "breathable". The composite fabrics can also 
be used for rain or water protection in any kind of rain- 
wear, such as rainsuits, coats, parkas, ponchos, slickers, 
etc. 

We claim: 

1. Use in clothing to protect the wearer against haz- 
ardous substance of a composite fabric, said fabric con- 
taining as the essential component thereof a continuous 
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film of a highly fluorinated ion exchange polymer hav- the polyamide of bis-para-aminocyclohexylmethane 

ing sulfonic acid functional groups, there being at least and dodecanedicarboxylic acid. 

one fluorine atom attached to each carbon atom to 13 - Tne protective garment of claim 7, 9, 11 or 12 

which each said functional group is attached, said poly- wherein said composite fabric consists of one layer of 

mer having an equivalent weight no greater than about 5 said continuous film and one layer of component fabric, 

2000, all the components of said composite fabric being and garment is fabricated from said composite fab- 

hvd hilic ric so disposed that said film is toward the outside of 

i -ru ♦ r *u • i • i u * j , said garment and said component fabric is toward the 

2. The use set forth in claim 1 wherein said polymer . . , 6 . . . v 

n . . . v J inside of said garment, 

is a perfluonnated polymer. a u • / \ . r 

. #» . . , • * 10 14. A process wherein (a) water permeates from a 

3. The use set forth in claim 2 wherein said polymer firs( space adjacem a fir$t side Qf fl barrjer tQ a second 

has an equivalent weight no greater than about 1500, space adjacenl the second side of said barrier( said bar . 

and the thickness of said film is in the range of about 2.5 rier having as tne essential component thereof a contin- 

to 125 micrometers. uous fi\ m c f a highly fluorinated ion exchange polymer 

4. The use set forth in claim 3 wherein the thickness 15 having sulfonic acid functional groups, there being at 
of said film is in the range of about 10 to 50 microme- least one fluorine atom attached to each carbon atom to 
ters. which each said sulfonic acid group is attached, said 

5. The use set forth in claim 1 wherein said composite polymer having an equivalent weight no greater than 
fabric further comprises a component fabric of fibers of about 2000, and (b) a hazardous substance, said sub- 
poly-meta-phenylene isophthalamide or poly-para-phe- 20 stance being a toxic organophosphorus compound hav- 
nylene terephthalamide or a blend thereof. Ir> g a 

6. The use set forth in claim 1 wherein said composite 

fabric further comprises a component fabric of fibers of o 
polyhexamethylene adipamide, polyhexamethylene 

decanedicarboxamide, polyhexamethylene dodecanedi- 25 1 
carboxamide, poly-epsilon-caproamide or the polyam- 
ide of bis-para-aminocyclohexylmethane and . , . . ^ 4 ~ .. . ... 

dodecanedicarboxvlic acid m0iety wherein R 15 a C > t0 Cioalkyl group, or a bhster- 

dodecanedicarboxylic ac a in which contain$ two Qr mQre chIoroethyI 

7. A garment to protect the wearer against hazardous 30 t m ^ secQnd (j) ates J 
substances fabricated at least in part from a composite slowly int0 said barrier and that p Qrtion of ^ 
fabric, said fabric containing as the essential component hazardous substance which permeates into said barrier 
thereof a continuous film of a highly fluorinated ion is det0 xified at least in part by said polymer, whereby 
exchange polymer having sulfonic acid functional the rate of penetration of said hazardous substance into 
groups, there being at least one fluorine atom attached 35 said first space is substantially decreased. 

to each carbon atom to which each said functional 15. The process of claim 14 wherein said barrier is in 

group is attached, said polymer having an equivalent the form of a composite fabric. 

weight no greater than about 2000, all the components 16. The process of claim 15 wherein said polymer is a 

of said composite fabric being hydrophilic. per fluorinated polymer. 

8. The protective garment of claim 7 wherein said 40 17. The process of claim 16 wherein said polymer has 
polymer is a perfluorinated polymer. an equivalent weight no greater than about 1500, and 

9. The protective garment of claim 8 wherein said tne thickness of said film is in the range of about 2.5 to 
polymer has an equivalent weight no greater than about *25 micrometers. 

1500, and the thickness of said film is in the range of , 18 - The process of claim 17 wherein the thickness of 

about 2.5 to 125 micrometers. 45 *" l ' m ' s m t * lc ran 6 e °f about 10 to 50 micrometers. 

10. Hie protective garment of claim 9 wherein the 19 ' The P r °cess of claim 18 wherein all the compo- 
thickness of said film is in the range of about 10 to 50 nem ? °[ Mid c °mposite fabric are hydrophilic. 
micrometers process of claim 15 wherein said composite 

11. The protective garment of claim 7 wherein said „ { * b ™ fu , rthe . r ^JTT' ^ of f,bers ° f 

• # r . . f . , f , . 50 poly-meta-phenylene isophthalamide or poly-para-phe- 

composite fabric further comprises a component fabric £ , ene tere H htha!amide £ , b|end there ^ 

of fibers of po y-meta-phenylene isophthalamide or n The ^ Qf daim „ wh£rein ^ osite 

poly-para-phenylene terephthalamide or a blend fabric further comprises a component fabric of fibers of 

thereof. polyhexamethylene adipamide, polyhexamethylene 

12. The protective garment of claim 7 wherein said 55 decanedicarboxamide, polyhexamethylene dodecanedi- 
composite fabric further comprises a component fabric carboxamide, poly-epsilon-caproamide or the polyam- 
of fibers of polyhexamethylene adipamide, polyhexa- ide of bis-para-aminocyclohexylmethane and 
methylene decanedicarboxamide, polyhexamethylene dodecanedicarboxylic acid, 
dodecanedicarboxamide, poly-epsilon-caproamide or * * * * * 
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OROTIC ACID 



organophosphorus compound. Any 

em. inese fail imo several groups, chief of 
which are the following: (1) phospholipids, or 
phosphatides, which are widely distributed in 
nature in the form of lecithin, certain proteins, 
and nucleic acids; (2) esters of phosphinic and 
phosphonic acids, used as plasticizers, insecti- 
cides, resin modifiers, and flame retardants; (3) 
pyrophosphates, e.g., tetraethyl pyrophosphate, 
which are the basis for a broad group of cholin- 
esterase inhibitors used as insecticides; (4) phos- 
phoric esters of glycerol, glycol, sorbitol, etc., 
which are components of fertilizers. While many 
of these compounds play an important part in 
animal metabolism, those in group (3) are toxic 
and should be handled with extreme care. 

organopolysilicate. See organoclay. 

organosilane. See organosilicon . 

organosilicon. An organic compound in which 
silicon is bonded to carbon (organosilane). Such 
compounds were first made by Friedel and 
Crafts in 1863. Silicon was found to have a re- 
markable chemical similarity to carbon, which it 
can replace in organic compounds. The silicon- 
carbon bond is about as strong as the carbon- 
carbon bond, and compounds containing them 
are similar in properties to all-carbon com- 
pounds. Organosilicon oxides (organosiloxanes 
or silicones) were discovered by F. S. Kipping in 
England in 1900; he found that Grignard re- 
agents would react with silicon tetrachloride to 
form silicon-carbon-bonded polymers of both 
ring and chain types. These were named sili- 
cones because of the similarity of their empirical 
formula (R 2 SiO) to that of ketones (R 2 CO). 

An organosilicon compound (tetramesityl- 
disilene) containing a silicon-to-silicon double 
bond has been synthesized. It is a crystalline 
solid, mp 176C and has reactive properties sim- 
ilar to olefins. Compounds of this type are called 
silylenes. 

See also silicone. 

organosol. Colloidal dispersion of any insoluble 
material in an organic liquid; specifically the 
finely divided or colloidal dispersion of a syn- 
thetic resin in plasticizer, in which dispersion the 
volatile content exceeds 5% of the total. 
See Plastisol. 

organotin compounds. A family of alkyl tin 
compounds widely used as stabilizers for plas- 
tics, especially rigid vinyl polymers used as pip- 
ing, construction aids, and cellular structures. 
Some have catalytic properties. They include 
butyl tin trichloride, dibutyltin oxide, etc., and 



organic various methyltin compounds. They are both 



Hazard: All are highly toxic, with a TLV of 0. 1 
mg/m 3 of air. 

See dibutyltin entries for specific data. 

origanum oil. An essential oil used in pharmacy 
and as a flavoring. 

"Orion" [Du Pont]. TM for a copolymer con- 
taining at least 85% acrylonitrile. Available in 
various types of staple and tow. 
Properties: Tensile strength (psi) 32,000-39,000, 
d 1.14-1.17, break elongation 20-28%, mois- 
ture regain 1.5% (21. 2C, 65% RH), softens at 
235C, soluble in butyrolactone (hot), dimethyl 
formamide (hot), ethylene carbonate (hot), re- 
sistant to mineral acids, fair to good resistance 
to weak alkalies. Insoluble in alcohol, acetone, 
benzene, carbon tetrachloride, and petroleum 
ether; soluble in dimethyl sulfoxide, maleic an- 
hydride, ethylene carbonate, nitriles, and nitro- 
phenols. 

Hazard: Combustible, burns freely and rapidly. 
Use: In apparel, usually blended with wool or 
other fibers. 

Orn. Abbreviation for ornithine. 

ornithine. (2,5-diaminovaleric acid) 
CAS: 70-26-8. NH 2 (CH 2 ) 3 CH(NH : )COOH. 
A nonessential amino acid produced by the body 
and important in protein metabolism . 
Properties: L( + )-ornithine: Crystals from alco- 
hol-ether; mp 140C, soluble in water and alco- 
hol. DL-ornithine: Crystals from water, slightly 
soluble in alcohol. 

Derivation: Isolated from proteins after hydroly- 
sis with alkali. 

Use: Biochemical research; medicine. 

ORNL. Abbreviation for Oak Ridge National 
Laboratory. 

< *Orotan"TV [Rohm & Haas], TM for a syn- 
thetic tanning agent with attributes of vegetable 
tannins. Dark red, viscous solution: 31% tan- 
nin. Imparts high degree of tannage, strength, 
fullness, and solidity to leather. Solubilizing, 
penetrating, and bleaching agent. 

orotic acid, (uracil-6-carboxylic acid; 6-car- 
boxyuracil). CAS: 65-86- 1 . 
C 4 N 2 H 3 (0)2COOH. Occurs in cow's milk and 
has also been isolated from certain strains of 
molds {Neurospora). A growth factor for cer- 
tain microorganisms. 

Properties: Crystals with mp 345-346C. 

Use: Biochemical research, especially the biosyn- 
thesis of nucleic acids. 
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lltENDSIN THE DEVELOPMENT OF BACULOVIRUS 
EXPRESSION VECTORS 

^Verne^f Luckow and Max D. Summers* 

5 , P?l?, , 2! e ' t of Entomology, Texas A&M University and Texas Agricultural Experiment Station, College Station. Texas 77843- ; 
^Y^Cofrcsponding author. ° 

.-r v . - 2Sr< r . ; ~~ : ~ — ~ : — * ■ — -A 

We describe the current status and poten- 
tial use of baculovirus vectors for the 
^ expression of foreign genes in insect cells! 
^Trends ^in^the ^ development iof transfer 
Vectors for the expression of foreign ^enes 
under the control of the strong polyhedrin 
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promoter of Autographa califorriicd nuclei 




wides^ 

express proteins of agricultural^^^^i^ 

used to express the first raombi^ 
envelope proteins to receive*'^ 
proval for clinical evaluadori a!s"a ^cU? 
date vaccine for AIDS: These ii^^D^ 
virus vectors are contributing^ 
standing x the molecular bi 
and protein function and regidatioh^^tn 
both, vertebrate and insect systems. " T 
: -r IF* d**m£$fflm 

A helper-independent * baadoviriisVeapr^*^ 
veaor developed by Smith" et jfl^^hafi 




; utilizes; the^highly Expressed -and rc^^te^^oS^^ia 

drin promwe^modaied for ^ the ir^mo^f*fqfei 
genes. This ilowsVxpression of prbkarybtic^or^utar 
genes to prcKface*fused or non-fused ^recombinant 



teins. One ctf jthe major advamages v bf thls'uwheb™^ 
virus expression vector over baaei^i^east/and rnamrna^ 
lian expression/systems is the very abundant expression of§ 
recombinant proteiro, which ^ln v «nanyxases|?nuge^' 
^cally. jmmunogemcaUy/amd functionally similar tatheii 
^uthentiG£qungr^ In'addition^^^ovir^ 
uses are not pathogenic to vertebrates or plants and do 
f not employ transformed celb or transforming elements as 
; ^do the mammalian expression systems 6 - 7 . The baculovirus 
vector also utilizes many of the protein modification, 
processing, and. transport systems that occur in higher 
eukarvotic cells and may be essential for the complete 
biological function of a recombinant protein. 
4 Here, we- briefly renew the recent development and 
^present status^ ofiaculo virus expression vectors. Appar- 
ent problems, known limitations, and opportunities are 
"enumerated; and emerging trends for future applications 
: ^are discussed-' Emphasis is placed on the use of the 



baculovirus veaor for expressing foreign genes at high 
levels and on the biological activity of recombinant pro-.' 
teins produced in insect cells. We also present and com-, 
pare the sequences flanking the polyhedrin gene for those" 
transfer vectors made in this laboratory that have , been 
T - verified by DNA sequencing, as well as those that have, 
been reported by other laboratories. Some errors in the 
'literature concerning the derivation of certain transfer* 
"vectors are also clarified. The correct sequences for rek 
gions flanking the polyhedrin gene of all such plasmids 
.jare also reported. ■ w r ;" ^ 

t-'. ~ N"' 1 • ■■ J "^"r 

f-i.- L ':. • ---*--. ■ "■■ ' *• ■ 

|ms BIOLQGY OF BACULOVIRUSES^i v !: 
^Autograpkd 'califormcc' nudear polyhedrosis virus 
^AcMr^Py),;the prototype virus of the family Baadomn- 
^^,^l^;a-wide host range and infects more than 50 
|peae^gof ; Lepidopteran insects'. The genome of 
^^MNPXycbnsis^of double-stranded, circular, super- 
£toiled^IW 1 28 kilobascs (kb) - in 

den^*^ two forms of viral 

i%*Wny&^^ particles 
^EGV^in^^ laiter are 

nl^ded|in^r^tna^ poly- 
^" 7 ^?yh^38K^ with 

ftoc^jirMrai: 
arprmem t „or5he .viral occlusions 13 . In 
" ./r^j^^ccll cultures, polyhedrin 
^"■H^egelS* routinely i mg/ml per 
^accounting for at least 50% of 
ible? protein of the cell detected 

important part of the 
-™-.«Ecd in Fig;; l),;providing' 
9 dftraiumission: When infected 
^liednrare'left in the decompose 
^elusions aid in^protecting ;; thei 
f : - — 1|~ — envirohmental factors that 

, ould l 6then^^pi%^^^ ECV. When;rlarvae 

J|&k>n they ingest the "polyhedra. 

SOThe o^usiorurlissolve in the alkaline environment "bf the 
insect gut, releasing virus that invade, and replicate in the 
xells of the rnidgut tissue. Secondary infection Spreads to 
, ^injecps$uli%y.Ac ECV form. ^tTOparticles^Su;| 
the cell by-endocytosis or fusion, and the viral DNA is 
uncoated at the . nudear pore or in the nudeus.^DNA 
replication occurs at about 6 hours post-in fection : (p. i.) 
and by 10 hours p.i. extracellular virus is released .from 
the cell by budding. Polyhedrin protein can be detected by" 
12 hours p.i. but viral ocdusions are not detected until' 
18-24 hours p.i. Extracellular vims levels reach a maxi- 
mum between 36-48 hours pX but the polyhedrin pro-: 
tein continues to accumulate for 4-5 days until the; 
infected cells lyse. * - JTt> ly^ 

The polyhedrin gene of AcMNPV has been mapped* 
and sequenced 5 . This gene has been shown to be nones- 
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J?£?'£ n ^jnes expressed by baculo virus vectors. 



Source 



Size 
(bp) 



^ AcMNPV polyhedrin Genomic 1050 29K 

Bluetongue virus neutralization cDNA 2800 93 K 

-..antisen VP2, VPS cDNA 2800 92.5K 

V. Drosophila Kruppel cDNA 72 K 

- r gene product 

~ E.coli chloramphenicol Genomic 785 27K 
„-* ■- .acetyl transferase 

ir / o i -j r- Genomic — 27K 

E. coh p-galactosidase fusion Genomic 9200 120K 
- protein 

. . £. P-galactosidasc Genomic 5000 110K 

Hepatitus B virus core antigen cDNA 572 25/22K 

Hepatitus B virus surface cDNA 1236 29/25K 
.» antigen 

Human c-myc proto-oncogene cDNA 64/6 IK 

Human colony stimulating cDNA 34K 



Protein (MW) Biological Properties 



Reference 



Human a-imerferon 
Human ^interferon 



Phosphorylated, Nuclear localization 
Antigenic, Immunogenic (VP2), 

Neutralization (VPS) 
Binds to ssDNA and dsDNA, Antigenic, 
Phosphorylated, Nuclear localization 

CAT activity, Antigenic 

CAT activity 
p-galactosidase activity 

p-galactosidase activity, 

Antigenic 
Antigenic 

Antigenic. Glycosylated, Assembled into 

lipoprotein particles 
Antigenic, Phosphorylated, Nudear 

localization 
CSF-I activity. Antigenic, Qycosyiaied, 

Secreted, Dimeric assembly 



Genomic 780 



19.5K* 
17/20.5K 



cDNA 2700 150V120-i30/41K 



cDNA ; — 



Interferon activity, Antigenic, Signal 

peptide deaved, Secreted 
Interferon activity, Antigenic, 

Glycosylated, Signal peptide cleaved. 
Secreted 

Antigenic, Glycosylated, Proteolytic 

processing , . 
Antigenic, Immunogenic, Glycosylated 
Antigenic Proteolytic processing 
Antigenic, Proteolytic processing, 
Tram-activation of HTLV-I LTR 

R remoter, Antigenic, Phosphoryiated, 
fudear localization 
Interieukin-2 actrvity, Antigenic, Signal 
_ peptide deaved, Secreted 
< ' H «"»gghitniadng ( Hemadsorption, 

^ : ^1¥#&M*- ^Antigenic tomunogenic, Neutraliza- 
H^«na#i^ 

,^^^^ cni ^. aai ^» Antigenic Immu- 
ttralizatton, Protection, 
Proteolytic deavage. 



, Hemadsorption ac* 
^, Proteor/Dc deav- 



HIV aw 

.Hiv«tw . 

HIV rag- 
HWgag-pol 
HTLV-I 040* 



Human intexieukin-2 : -* 

Human parainfluenza virus 
type S hemmagglutinin- 
neuraminidase 



cDNA 
cDNA 
cDNA 



cDNA - 
cDNA V 



1818 
3114 
1750 



1000 
1716 



1607120IT 
55/40K 
24/5V40K' 
40K 



^6/15J5I^| 



-U^V giycoprotein preoi^ 
\ V GPC #S - ' ■ 
' LGM arenavirus 

nudeoprotein, . 
Nrcraaa activator 

Phaaeohtf vulgaris (French %?-.**cDNA 

bean) phaeseolin r/*-t 
Polyoma virus T antigen' v. " * cDNA 
Pseudorabtes virus gp50 



^wrWdn $^:dS>^': 29oo ^;-v;^io6k sit^ 



|^tttigenic Glycc«ylate<C Cell surface 

Antigenic .j ^ 

Site-specinc DNA binding 
. Antigenic, Glycosylated, Secreted 



^vOngiiwperinc DNA binding, Antigenic 
* Antigenic Immunogenic Protection, 

- ■ * ~ Neutralization 

Antigenic Immunogenic 
Antigenic Immunogenic Oligomeric 

assembly 
Antigenic Correct small t splicing 
Lipid acyl hydrolase, Acyt transferase 
activity, Antigenic 



Punta Toro phlebovirus N s 
Simian rou virus SA1 1 capsid 

antigen VP6 
3V40T, t antigens 
.SoLmum tebcmtm (Potato) 

patatin 



cDNA 
cDNA 

Genomic 
cDNA 



1900 
1397 

2702 
1400 



26K 
41K 

19K 
40K 



59, 5 
48,60 

28 



23 

30 
29, 30 

4 

23 
43 
43 

36 

R. Clark, 
per. 

com, 53 
25,31 

2 ; 



46 

45 * 
44 

44 ' V 
24 U 



17 
40 



42 
42 
42 
38 



32 
33 

18 
S3 
18, 33 

37 
35 

27 
47 

39 

39 
41 

22 
58 
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^l€nuSR?o^replicauprrp^ , for production of extracellular 
^runn^uUured 'tells 1 . Deletion or insertionai inactivation 
^^]^^o]xhednn gene results in the production of 



oc^s^n]. negative' viruses (Occ~), which form plaques 
that are^distinctly different from those of wild-type, occlu- 
sion"- ^«tivef(Occ + ). viruses. These distinctive plaque 
Vmorphblogies provide a way to visually screen for recom- 
>Jbinant^\*iruses in which the wild-type AcMNPV polyhe- 
vdrin gene has been replaced with a hybrid gene of choice, 
krhe^nqnessential nature and high levels of expression of 
: the^poiyhedrin gene and the ease with which recombinant 
k^Sc§|viruses can be detected make the promoter of this 
i^ene|panicularly suitable for engineering as an expres- 
sion^ vector. - 

Two^comprehensive reviews presenting the biological 
^propemes^ahd. molecular biology of baculoviruses have 
recend^appeared 1415 . 

|lF ACTORS AFFECTING EXPRESSION OF FOREIGN 
SCENES BY; BACULO VIRUS VECTORS , 

A wide;yariety of eukaryottc and prokaryotic genes have 
already been expressed successfully with baculoyirus veer 
tors in insect cells^A summary? ^rag^the^so'urce of the 
gene, size of the protein, known postradiational modifi- 
cations, andfceUuhr^location is shown^m-^Table l.,-The 
structural and functional siniilarity' of recombinant pro- 
teins to authentic proteins V from 
immunolpgicai,^n^mauc,:x>r. biological^ssays. Recombi- 
nant proteins haye^been produced as fusionW nonfusion 
proteins at^leveLs^ranging from 1 to Jn excess of 500 
mg/liter. Be^use^th^faaors determining how well a 
foreign gene in^Ahis^s^ste^ yet well 

charatteraed,^ predict -how -efficiendy 

differehugenes^wfi%^ Man£ aspects of gene 

expression in<tW^ cUrrendy under' study and 

new vectors" ^are^femg^esigried' and evaluated for en- 
hanced levels' o^^Spre^ion of speafic gene products. 

The regu&ti6nj>^^ m^barulpviruses 
is complex an^l^ molecular 

ievei;poiyh^^ 

variable and .\^cWer^th Jpells and b^uesixifected, and 
with the qualitv^rid quantity, of celLculture media compo- : 



From-f 1 



lereht 



nents. J*olyJfte<^ propor- 
tional tc^ru&reM^ 
Jiigh leveb:!m^ 

healtH^^^/i 
"97%"areMable and^^ppnentxajg 
time 

recomraend^cell-cu^ 
result m^sig^c^^ 
polyhe<u3n*-lmlt^ 

genes rinsertedjinto the^same veabT^ ^ 
.and may tersefited to thejength an^^haJui^<JE;th€ 
sequence preceding the foreign gene.'In* 
ievels^oC>expression may be attributabli 
productntself:*This may be an intnnsP 



ortne 

protein or may be related to the pathways through which 
the protein is processed in the cell. Factors such as codon 
preference or RNA and protein stability have not been 
studied in any detail. In addition, different recombinant 
baculoviruses selected to contain a given foreign gene will 
often express that foreign gene at different levels. In all 
cases, iris desirable to isolate and characterize several 
recombinant, baculoviruses from the same trans fection 
mixture since not- all recombination events with these 
vectors are equivalent. - * \ " "5. 

Despite the large number of factors that influence late 
gene expression in baculoviruses, much of the present 



ferent 



effort to maximize gene expression in this system has 
focused on localizing transcriptional and translational 
signals for the polyhedrin gene and the construction of 
improved transfer vectors. Because of the ease with which 
mutagenesis of transfer vectors can be carried out, most of 
the improvements in achieving high levels of expression at 
the molecular level in the near future are likely to be due 
to optimizing placement of the foreign gene within the 
transfer vector. 

Construction of a baculovirus transfer vector. Most 
transfer vectors reported to date contain sequences from 
AcMNPV including the promoter of the polyhedrin gene 
and varying amounts of 5' and 3' viral DNA flanking the 
polyhedrin gene cloned into a high copy number bacterial 
plasmid. The desired foreign gene sequences in the 
recombinant plasmid can be transferred to wild-type 
AcMNPV by homologous recombination within a cell 
transfected with both the plasmid and wild-type virus 
DNAs (Fig. 2). 



- t *O02*AcMNPV- transfer vectors 



-pAclOl ?• 

pAcSIl^ 

P Ac360 ~: 

pAc373 
"pAcS7"S-CAT" 

pAc401 



- (Fig. 4) 
(Fig. 4) 
. (Tig. 4) 
; (Tig. S, 5, 6) 



(Fig. 4),pAc311^acaHI/ 
Kpnl+ SaQl + Saai 
linker' 

(Tig. 4), pAcSll-BaaHl/ 
Kjml+BaBl + SgwI 
linker 

(Tig. 4), pAcSU^tfciHI/ 
Kpnl + BaBl + ScmI 
linker 

(Fig.6),pAc311-Ba£3HI/ 
* Kp*l + BfliSl + ScaxI 

V W^i':^:. ■ ~~ linker /* : "'' 
: f ; pAc^l-§^ > pAc461-£coRI + SI - 
-* - * "^>'*"*^ r nuclease " ■' 
pAc46l-EU/FaI P Ac461-RI-(-Kc3flI + 
" " &V&nEtL , fle'A(I linkers . 
f bAj^l-i+S?al + Pstl 
linkers: / - 



pAc409 
pAc436 
pAc46I ? 



£pAtfj 



{Vi£6)i pAc461-RI/Psd + 
MCSfrom MlSmplO 
(Fig. 6)>pAc461-PstI + 
BcSkVlPstl MCS fragment 



tofpAcSlO 

£7(K)^^^ (Fig. 5), pAc373*E3HI/ 
Kfml +,oligos A1/A2 
u ^ (Fig- 5), pAc373^«uHI/ 
^-^Kpnl + oUgos B1/B2 



S^^^^^Wi' 5), pAc37iitoHI/ 
^^$W^-<Xpnl + oligos C1/C2 
ipVLT? ? ^ pUCl^XCTUKlenow + 
^>3b$V^ * feeoHI-CAT^aaHI/ 
. Klenoty frasment of 



^^#pAc373^A s _ 
pVLldf (fig. 4), pAc401-X^I + 



pVUCS 

pAcC4 

pAcCS 

pAcYMI 
pAcRP6 
pAcRPIS 
pEV55 



fragment of 
pVL77 

(fig. 4), pAc436-XorI + 
Xcyl-CAT-Xcyl fragment of 
pVL77 
(Fig. 6) 

(Ft| . 6) \ 

(Fig. 6) 
(fig. 6) 
(Fig. 6) 

(rig. 6) 
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Snsideratioh in. constructing a recombinant 
cuIovirus;_ii whether to clone a foreign gene sequence 
^for?|SS^after l .the poiyhedrin initiator codon, ATG, 
wriere the A is nucleotide + 1. In most cases it is desirable 
jo express a mature (nonfused) protein instead of a fusion 
^product. Transfer vectors with unique cloning sites down- 
stream from the poiyhedrin ATG can be used to insert 
Jopen reading frames into the poiyhedrin coding se- 
quence. The fusion products that result will contain 
amino adds from the N-terminal region of the poiyhedrin 
protein as well as amino acids derived from translation of 
^the leader-sequence preceding the ATG of the foreign 
"gene. - % '< : - 

x -Currently, the most widely used transfer vector for 
mtrbducing foreign genes into AcMNPV is pAc373 17 (Fig. 
"3). pAc373 was derived from a plasmid comprised of a 7 
; kb £coRI fragment containing the AcMNPV poiyhedrin 
\gene doried into the £coRI-//mdIII fragment of pUC8. 
'As a result of BalSl mutagenesis and addition of BamH I 
linkers (CGGATCCG). pAc373 contains a deletion of the 
sequence between -8 (8 bases upstream from the poly he - 
^.drin ATG and approximately 40 bases clowns tream from 
the poiyhedrin transcriptional start site) and the natural 
BamH I sites at nudeotii^'4-174. One unexpected result: 
revealed by recent DN A "sequencing across this region in 
this laboratory and by Matsuura et al.\* is the presence of 
an additional 9 bases ((XAGATCCp) between the dele- 
tion ending at -8^nd-th^ sequehces comprismg the 
BamHl site at position +17T(CGGATCC). Impurities in 
the linker preparadon lacking BafnH I sites apparently 
account for these additional sequenced and actually have a, 
slightly beneficial effect on poiyhedrin gene-linked; 

; BactitovlruQ LKq Cyclo , 
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U3aculoviru3 life 'ryde. The schematic depicts the " 
unk|ue inphask life cyde of a typical baculovirus. In the *. 
V environment a susceptible. insect ingests the viral occlusions 
mfroni a feed source: She crystal dissociates in the gutof the**! 
^susceptible insea to release the infectious virus parades," 
which invade the gut. cells, penetrate to the nudeus, and 
uncoat. Viral DNA replication is detected by 6 hours. By 10- 
12 hours post infection, extracellular virus buds from the 
surface to infect other cells and tissues. Late in infection (18- 
24 hours post infection) the poiyhedrin protein assembles in 
the nucleus of the infected cell and virus particles become 
embedded in the proteinaceous ocdusions. The viral occlu- 
sions accumulate to large numbers and the cells lyse. The viral 
, T ocdusions are responsible for horizontal transmission among 
* susceptible insects; the extracellular virus is responsible for 
secondary and cell to cell infection in cultured cells or the 
. insea host. The poiyhedrin gene is not essential for virus 
• replication or infection in cultured cells. 



expression over nearly equivalent vectors (such as 
pAcRP6) that lack them 16 . 

Good expression of nonfused foreign proteins with 
pAc373 requires foreign genes that ideally have a short 
leader sequence. The lengths of the 5' and 3' noncoding 
sequences of genes that have been expressed have varied 
from 3 to 400 bases (Table 1). The significance of these 
sequences with respect to their effect on the levels of gene 
expression is unknown. Since the poiyhedrin leader is 
very AT-rich, it is generally recommended that GC-rich 
or long 5' leader sequences be trimmed as much as 
possible from the foreign gene prior to insertion into a 
transfer vector. All transfer vectors have the poiyhedrin 
polyadenylation signal intact. Good levels of expression 
have been obtained using genes that have their own 
polyadenylation sites in addition to those of the poiyhe- 
drin gene. ' ; 

All genes that expressed at high levels have been 
derived from cDNAs or- genomic dones that do not 
contain introns. Although no intron-containing genes 
have been identified for AcMNPV 19 -* 1 , one recent report 
.demonstrated correct and preferential utilization of the 
SV40 small t antigen splidng signals in a genomic frag- 
ment containing the genes coding for the large T and 
small t antigens 22 . The general applicability and useful- 
ness of this approach for expression of other spliced genes 
have yet to be demonstrated. 

SUMMARY OF AVAILABLE VECTORS 
> A variety of other transfer vectors suitable for produc- 
tion of fused (Figs. 4-5) or nonfused (Fig. 6) proteins have 
been constructed. 

$ .Vectors pAc401, pVLlOi, pAc436, pVL106, pAc409, 
"pAcSll, pAc360, and pAclOl (Fig. 4) and pAc700, 
pAc701 t pAc702 (Fig. 5) were designed to facilitate pro- 
duction of fusion proteins. In each, a unique BamH I or 
Smal site is located within the poiyhedrin coding sequence 
at different points downstream from the poiyhedrin ATG 
start codon. DNA fragments doned into one of these 
restriction s sites will be expressed as protein fused to 
several N-terminal amino adds of the poiyhedrin protein, 
provided that the reading frames are aligned. The num- 
_be> ofr poiyhedrin amino adds added can vary from 1 to 
i58 andpdepends upon' the fusion vector chosen. 
tliBeides^AcSTS (Figs. 3, 6), three additional transfer 
ty^^(pA^6lV' pAc610, pAc611) have been character- 
i^^and. usedvfor pn^uction of nonfused proteins. In 
pj^^J^lyh«irin •sequences between -7 and +670 
. ^?^^^^^^ d -rTeplaced by one and one-half Smal 
; fin^s|(^^j. The plasmids pAc610 and pAc611 were 
falso instructed by inserting a multiple doning site from 
MlSmplO mto the Smal site of pAc461 in either orienta- 
tion $i$f6); Despite the usefulness of the polylinker in 
diese.yectorsrrecenfdata (described below) have shown 
that levels of expression of a variety of genes are higher in 
pAc373 or any of the fusion vectors than pAc461 or any 
of its derivatives 23 . 

il^The plasmids pAcC4 and pAcC5 are derivatives of 
pAc436 that contain an ATG start codon imbedded in a 
unique Neol site, followed by a polylinker sequence. These 
vectors are useful for expressing genes that contain 
unique Neol sites at their start codons (E. Kawasaki, Cetus 
Corporation, personal communication). 

Miller et aL* 6 reported a pEVI V vector in which a large 
portion of the poiyhedrin gene was deleted in such a way 
as to create the sequence ATGGTACC at the initiating 
methionine. The unique KpnX site adjacent to the ATG 
can be used to express proteins as fusions. A series of 
nonfusion vectors were developed by digestion of pEVIV 
with Kpnl followed by treatment with BaQl to remove 
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^(^q^gmirnbers of nucleotides upstream from the ATC 
* Itart^odon. A^polylinker containing BglU, Xkol, EcoRU 
fxinp'Clal, and Kpn\ sites was then added. Rice et a/. 27 
I used "one of these, vectors, pEV51, to express polyoma 
virus large T antigen. Another vector, pEV55 (Fig. 6), was 
recently used to express the Drosophila Kxuppel gene 
product 28 . The entire polyhedrin leader is present in this 
vector and would be expected to provide higher levels of 
expression than pEVSI, which has the polylinker inserted 
following position -22. Other vectors (described below) 
thatjeave the leader sequence intact, however, appear to 
express at much higher levels than pEV55. 
: I Pennock et a/. 29 described a vector, pGPB6874/So/, that 
facilitates construction and selection of recombinant virus- 
es carrying foreign genes under their own promoter 
control. A unique Pstl site is available for insertion of 
foreign genes that must provide their own promoter and 
polyadenylation sequences. The £. coli P-galactosidase 
gene under the control of the polyhedrin promoter is also 
present in this plasmid. The P-galactosidase gene is cloned 
into the] natural BamHl site of the polyhedrin gene at 
position +171 (similar to pAclOi, Fig. 4), which is ex-, 
pressed as a 120K polyhedrin/p-galactosidase fusion pro- 
tein. Recombinant viruses are identified as "blue plaques'* 
by using the P-galactosidase indicator X-gal. Carbonell et 
a/. 30 constructed a derivative of pGPB6874/$o/, pLCl , that 
contains the £. coli chloramphenicol acetyl transferase. 
(CAT) gene fused to the promoter from the long terminal 
repeat in Rous sarcoma virus and inserted it into the 
AcMNPV genome as described above^ Alleged 14 CAT 
activity was observed in Spodoptera frugiperda, Aedes aegypti 
(mosquito), and Drosophila melanogaster cell lines atWery 
high multiplicities of infection, but not in Mus musculus 
(mouse) cell lines. In contrast, P-galactosidase was detect- 
ed at high levels only in S. frugipierdaxeUs, indicating that 
foreign gene expression in nonpermissive cells is promot- 
er dependent and that late viral gene expression is re- 
stricted in such cells. ; . ; 7 T w -. ST?;; - > y- V % ' ' 

Maeda et al* 5 constructed. a vettorJpF^^^ 
foreign genes into Bombyx mori nudear poTyhedrosis virus 
(BmNPV). The plasmid p89B310 carries a 3 kb fragment 
containing the BmNPV polyhedrin. gene v promoter, a 
polylinker deriverf^rom pUC8, . andr a 3.r£b ( fragment; 
downstream t of ;. the polyhedrin; gene^: The< polyUnker,* 
containing unique £coR I, Sraal, t$ <&&lmd Pstl sites, is. 
located 18 bases upstream from th'er&anslaubnal start of 
the polyhedrin gene. Recombinant BmNPV, viruses con- 
taining a human ^interferon gene . were'used to infect 
silkworm larvae. Interferon was produced irif large 
amounts and could be recovered from the hemolymph of 
these larvae. A 4-fold increase in the'level of a-interferon 
was recendy reported 31 with an improved transfer vector, 
pBMOSO. 

Possee 32 and Matsuura et a/. 33 described a variety of 
AcMNPV transfer vectors (pAcRP series. Fig. 6) with 
alterations in the polyhedrin leader sequence that were 
used to make recombinant viruses expressing the influen- 
za virus hemagglutinin (HA) protein. Highest levels of 
expression were observed for vectors not deleted for more 
than 14 bases of the leader sequence just upstream from 
the polyhedrin ATC. Recombinants with smaller dele- 
tions (0, -7, -11) did not make more HA protein. 
Highest leveb of expression for lymphocytic choriomen- 
ingitis virus (LCMV) genes were observed for recombi- 
nant viruses derived from the transfer vector pAcYM 1 
-(Fig. 6), which has all of the upstream sequences of the 
polyhedrin gene including the A of the initiating ATC 
v 00 ** 011 * Cenes inserted into pAcYMl are therefore ex- 
|g| pressed as nonfused proteins. Alterauons within the 3' 
f^-coding sequences of the polyhedrin gene or sequences 



downstream from the polyhedrin gene did not influence 
the level of foreign gene expression. 

Recent studies in this laboratory 23 have compared the 
levels of expression of chloramphenicol acetyl transferase, 
p-galactosidase, and tissue plasminogen activator from 
viruses constructed with a variety of fusion (pAc700, 
pAc701, pVLlOi, pVL106, pAc360, pAc311, pAclOI) 
and nonfusion (pAc461, pAc373) transfer vectors. High- 
est levels of proteins and RNA were observed when 
portions of the amino terminus of the polyhedrin gene 
were fused in phase with the foreign genes. Intermediate 
or low levels of protein and RNA were observed for the 
nonfusion vectors tested. Although the level of RNA for 
each of the fusion derivatives was nearly equivalent to that 
of polyhedrin, protein levels were higher for derivatives 
in which the fusion was more than 30 bases downstream 
from the polyhedrin ATG. These results, and those of 
Matsuura et a/. 33 , suggest that the sequences just upstream 
from and possibly including the polyhedrin start codon 
are important for regulation of transcription. In addition, 
our results suggest that sequences important for regula- 
tion of translation extend downstream from the ATG 
codon as well. Based on these results, we have constructed 
and are currendy characterizing in detail several new 
transfer vectors for production of nonfused products that 
provide very high levels of expression for certain gene 
products 34 . These new vectors are intended to replace 
pAc3 73, currendy the most widely used AcMNPV trans- 
fer vector, as the vectors of choice for production of 
nonfused proteins under the control of the AcMNPV 
polyhedrin promoter. 

i ; 

BIOLOGICAL ACTIVITY OF RECOMBINANT 
PROTEINS i / 

^"Recombinant proteins produced in insect cells with 
baculovinis vectors are biologically active and for the most 
part appear to undergo post-translational processing to 
produce .recombinant products very similar to that of 
authentic proteins (Table 1). Recombinant proteins can be 
secreted*- 17 ' 23 ^ 'targeted to the nucleus 24 - 28 * 36 ; targeted 
to the cell surface I8 - 32 - 33 - 38 - 40 ; assembled into oligomeric 
complexes 4 *-^ 3 and disulfide-linked dimers (human colo- 
ny sdmulaung factor I, R. Clark, personal communica- 
tion); proteolytically deaved 2 * 17 - 18 ' 23 ^ 2 * 35 - 3 *- 44 * 46 ; phos- 
.phorylated 84 * 28 - 36 ; N-glycosylated 2 - 1 *- 33 * 33 - 38 - 4143 - 46 ; O-gly- 
cosylated 47 ; myristylated (pp60 c " ,s/ir , T. Roberts, personal 
communication); or palmitylated (SV40 Large T antigen, 
R. Lanford, personal communication). These products 
are in all cases antigenically, immunogenically, and func- 
tionally similar to their native counterparts (Table 1). 
Several viral antigens can neutralize virus in vifro 39 40 - 41 - 48 
and provide protection to viral challenge in vivo 56 - 40 - 47 . 

Much remains to be learned about the nature of protein 
glycosylation in insect cells 4 ** 31 . Glycosylation of foreign 
proteins produced in baculovirus-infected Spodoptera fru- 
giperda cells has been examined only indirectly, by the 
incorporation of radiolabeled sugars, by assessment of 
sensitivities to endogiycosidases, or by the addition of the 
glycosylation inhibitor, tunicamydn 21 " 3 - 33 - 38 -"* 1 - 45 * 46 . The 
ability of insect cells to carry out N-glycosylation appears 
to involve the addition of high mannose-type oligosaccha- 
rides and, perhaps, some limiting triming of terminal 
sugars". From studies of Aedes aegypti and Aedes aibopictus 
(mosquito) cell lines, it is dear that N -linked oligosaccha- 
rides are deficient in sialic arid, galactose, and fucose 49 . 
Thus, the conversion of high-mannose to complex N- 
linked oligosaccharides does not appear to take place in 
those insect cells. In mosquito cells the absence of complex 
N-giycans has been confirmed by low levels of N -acetyl 
glucosaminyl-, galactosyl-, and sialytransferases that are 
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. responsible for the maturation of high man nose- N-gly- 
cans of mammalian glycoproteins* 9 . Direct evidence for or 
against the presence of such enzymes in the Sbodobtera 
frugtperda cell lines used for baculovirus propagation has 
yet to be demonstrated. It remains unclear whether this 
apparent or potential difference in the oligosaccharide 
processing pathways of insects and vertebrates will be! 
come an important factor in the production of mammali- 
an gycoprote.ns.n insect cells, or whether difFerenUrTsect 

e£ p n r e ote V InL eXh,bit ***** ^ 10 

Although the processing, transport, and tareetine of 
the recombinant proteins produced in LepidoSeran in- 
» ** s^Uar to those in mammEcelb 
much work remains to be done in elucidating the molecu- 
br detaUs of such processes. It will be parucularly^mpor 
f!i! e ; * e and mechanisms r JpcSe 

InH„^ ^ ^.targeting of insect proteins to the 
endoplasmic reticulum. Golgi, cell surface, nucleus or 
other cellular organelles in order to predict the prSne 
and localization of foreign proteins Passing 

FUTURE DIRECTIONS ' 

By all indications, the use of recombinant baculoviruses- 
to express important human, animal, and plan? pSSS 

fevif «? l ° "* ra P id rate " taprovemenKX 
level of expression attributable to the optimal placement 

S ^ fm T, gene within vector are Sv 2 

y T d k en * av m « v «nd Uboratbries P and L 
expeaed to reveal the important cu-acting transcriptional 

Zi^J 10 ^ S,gnak * e polynedru^enS and 

ZZSfo^™^ ** ~f Abundant 

laHeve 1 ! SSj^ '° h ° Wever " at ^ molecu- 

lar level in the area of protein processing. The majority of 

AcMNPV, m only one cultured insect cell line derived 
from the ovarian tissue of Spcdoptera frugiberda. Cleariv 

reet m l1„^ e,D P™^., <*Seting. and transport of 
ZS lr™ lines derived from other 

tissues and other susceptible host species. 

als?£^L^ir? UieS ^t?*^ host "nges should 
cuku™ ¥Zl medfor suitability of growth in % scale 
cultures. The production of recombinant proteins inUve 

oXn^! n ? Ugg€Sted ? ^nomic5~S^dve S 
^fi,^T." but mo r e work regarding the charaaeristics 
ofprotems recovered from Iive 6 u^ renwt" ™ 

1 "1 ^nt development of iow.cost protein-freemedi 
um that supports insect cell gft^h. ^ r^S™^ 
recombmant protein expressi&Vat 'levels equivalent to 
^^k^T^ S ^methods for 

a«^S«,T? ProPfgatMn in airlift fermentors" 
CTo^™*™,^ •? *"RP*»*» of this technolo- 
gy on a commercial scale. ..These are just a few of the 

utility of the baculovirus expression vector system. 
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-7 •% *4 

pAc4fl TATAAAT Itc Cgc ccg ggc 
Xm/SmI 

•4 

pVLlflt TATAAAT ATC l&c ccg gga tee // <-- CAT g*n« — > // ggatcccrogc 

Xmm/S^ml BmHI BmMIXmI/SwI 
♦« »«B4 
»Ac4M TATAAAT ATC CCC gee egg gc CCAAATTC 
Xm/SmI 

*« »«4 

pVLIM TATAAAT ATC CCC gec egg ff*t cc // <-- CAT qm* — > // ggatcccgggc CGAAATTCTCCTTCACC 



IcTCCTTCAAC 

TCTCCTTCACC 
» 

"TCTCCTTCACC 



♦21 

*Ac4*9 TATAAAT ATC CCC CAT TAT TCA TAC COT CCg ccc ggg « 

Xh/SmI 

* . **4 ♦ITT 

^Ac»M TATAAAT ATC CCC CAT TAT TCA TAC COT CCC ACC ATC CCC Ccg g»t eel TTC 



CTJU 



*SS »1TT 

»Ac»U TATAAAT ATC CCC CAT TAT TCA TAC CCT CCC ACC ATC CCC CCc ggs ice TTT 



pAclfl TATAAAT ATC CCO CAT TAT TCA TAC: CCT CCC ACC 



*m ♦ITT 
OCT CAC CAT CCT TTC 



-10 



mi gro tjrr 
-7 -t *1 



iTC CCC CAT TAT 



TATAAAT - ll 



»Acl7t AAAAAAACC cg»g»tcegcgg«tec TTTCCTCOC , 



Aval n»tt«ttCi-II ✓ 



«esi 

. QOTACC 



pAcTM 

»Ac701 
P*c7« 



tcctcsgatc titMai ■ at« gat ccg ft* < 



C cg*0atcegcgg*tc' ttt«»«t « ate fg*< Wjggt *ec 



AAAAAAACC cg»g*tccgcgs*t< UtMit • »tg egg »tc CfJt tec e 



E 4 Nucleotide sequence spanning the polyhedrin start 
codon in the fusion vector derivatives pAclOl, pAcSll, 
pAc360, pAc401. pAc409, pAc456, pVLlOl, and pVL106. ■ 
Sequences presented in. lower case represent synthetic tinkers*-''* 
used in the plasmid constructions which are not found in the . 
native polyhedrin gene. Spaces are inserted to aid in visual 
alignment and dotted lines indicate sequences which are not ^ 
shown. Underlining highlights sequences such as restriction . J 
endonudease sites, which differ among the transfer vectors. : : 
-All of the sequences shown here, with the exception oLthe ^ 
BamHl and Smal sites downstream of the C^T getieCin ^ 



pVLlOl r ahd* pVL106, have been verified by sequencing 
across the unique restriction sites as described in the Experi- 
mental Protocol. ; ; - 

fMK 5 Nucleotide, sequence spanning the polyhedrin start 
codon in the; wild type AcMNPV virus, the transfer vector 
pAcS73 for expression of nonfused foreign proteins, and the 

v fusion vector derivatives pAc700, pAc701, and pAc702. Note 
. the extra (unintentional) A preceding the ATG start codon 

r and th e (intentional) mutation at -7 to create a new Oral site 

_ _(TTT AAA) in_the pAc700 series vectors, whkh are not found 

V in the wild-type sequence. 



DNA were then repaired with £. colt DNA polymerase (Klenow> v 
fragment). Phosphorylated Smal (GCCCCGGC) linkers were -■ 
added to the ends with T4 DNA ligase, the fragments were, 
digested with Saw I, reJigated, and then used to transform £. coli} 
JM83 cells. These plasmids have unique Smal sites, and the left 
and right ends of the deletion in each 'plasmid are variable (Figs.- 
4 and 5). : „ . 

•* The plasmids pVLlOl and pVL106 are derivauves/of t3Ac401>1 
and pAc436 containing a 785 bp chloramphenicol acetyl transfer-*^ 
ase (CAT) gene 5 *. The CAT gene was released from pAc373- 
CAT by cleavage with BamHl, gel- purified, treated with Klenow, 
and tigated to DUC19* which had been digested with Xctl (an 
tsosdusomer of Smal with 5' overhanging ends) and treated with 
Klenow enzyme. One transformant, designated pVL77, has a 
SmaVXal site adjacent to a BamHl site on both sides of the CAT 
Bene. The plasmid pVL77 was cleaved with Xcyh the CAT 
fragment gel-purified and ligated to Xcy I/CAP treated -pAc401 
and pAc436. creating pVLlOl (pAc401-CAT) and pVL106 
(pAc436-CAT), respectively (Figure 4). The CAT gene is insert- 
ed in the same readme frame as the polyhedrin ATC start codon 
ofpAc4S6 in pVL106, but it is out of phase in pVLlOl. 

The piasnuds pAc610 and pAc61 1 contain the multiple cloning 
site (MCS) of M ISmp 10 inserted in opposite orientations into the 



Smal site of a derivative of pAc461 (Fig. 6). The plasmid pAc461 
was digested with £eoRI and treated with SI nuclease and T4 
DNA hgase. The resultant plasmid, pAc461-RI-<-), has a dele- 
' tkm of about 1 kb of DNA around the unique EcoKl site of 
pAc461. The plasmid pAc461-RI-(-), was deaved with Smal, 
treated with CAP, and ligated to a mixture of £coRI 
(CCGAATTCGG) and Pal (CCTGCAGC) linkers. One of the 
^resultant plasmids, pAc461-RI/PstI t which contained one of each 
' type of linker, was deaved with Pstl and £coRI and ligated to the 
MCS from M 13mpl0. One done containing a single copy of the 
MCS was designated pAc6 1 1 . One pAc46 1 -RM-) derivative that 
contained a single Pstl linker inserted into the Smal site was 
designated pAc461-Pstl. This plasmid was deaved with £coRV 
and Pstl and ligated to an EcoRVfPstl fragment from pAc510, 
resulting in pAc610. The plasmid pAc510 was created in a 
manner similar to that described above for pAc61 1, except that it 
was derived from a pUC8 subclone of pAc461 that contains the 
2.4 kb Sail fragment spanning the pofyhedrin gene. The plas- 
mids pAc610 and pAcoll diner only in the orientation of the 
multiple cloning site. 

The plasmids pAc700, pAc701, and pAc702 were constructed 
by ligating pairs of duplexed oligomers into pAc373 that was 
deaved with BamHl and Kpnl. To construct these plasmids, 
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PH-„; td AAAAAAACCTATAAAT ATC CCC CAT TAT TCA ... CAC CAT CCT 



•670 
I 

. . . CTT 



•177 

Ittc 



pAcVWl AAAAAAACCTATAAAT A cg fl »tccg 
B«mHI 

-1 

pAc«P18 AAAAAAACCTATAAAT Ccgflatcc 
6»mHI 

-1 

P€V5S AAAAAAACCTATAAAT .g.tctcfl.g..ttcf fl.tcg.t„t.cc 
BglllXhoIEcoRIXb.IcT.I ~Kpnl" 

PACC4 ** AAA * A « T *TAAcc_«t«cggcccggg^ } CT 
Ncol SmalKpnl PgtlBg I IXXbsIEcoRIBanHIBcil 

~| *we 

pAcCS AAAAAAA «TATAl« .tggcflgcecggtg.t^ | CT 
Nco1 Bell 8i-^IEcoRlXb»I8gIlIP«tlKpnIs^r 

-7 

0Ae4fli AAAAAAACcf gecegggeggge 
-7 

pAc«lB AAAAAAACCT gece ccflg..ttcg.gctcflcccflggg.t« gggeggge 



•752 
I 

. . CTTATT 



-752 

i 

CTTATT 



. . CTT ... CTTATT 



in 



*«7« 

in 



EcoRI SstX SwI B.*U Xb»I S*II p^tl" 




pAceil AAAAAAACCT gece «*c. ?? tcQ.ctei. ? .„.^ gggeggge 
-B 

pA C 373 AAAAAAACC eg»gatccgcgg«tce 
AvaXXhe? S*t?B«*HI 
-8 

pAeRPB AAAAAAACC ccgg.tcc 



♦ 177 



TTC 



♦ 177 



♦e7« 
ir 



TCT ... CTT 



TCT ... CTT 



i 4 Nucleotide sequence spanning the polyhedrin start 
codoit in the wild type AcMNPV virus and the transfer veaors 
P ^ C »l 3 / e pAc46 J' P Ac6l °. E A c61 1. PAcC4, pAcCS. P AcRP6, 
pAcRP18. pAcYM*!, and pfe V55 for expression of nonfused 
foreign proteins. 



?5J? U s 7 nthctic oligonucleotide fragments (AI/A2. B1/B2. 
and C1/C2) with the sequences 



GATCTTTAAATAATGGATCCGGTAC 

AAA TTTATTACCTACCC 
GATCTTTAAATAATCCGATCCCGTAC 

AAATTTATTACCCTAGCC Z ^ 
CATCTTTAAATAATCCCGATCCGGTAC 
AAATTTATT ACGCCT AGGC * 



-3' 

-5' 

-3' 

-5'~ 

-3' 



A 15'- 
A2 3'- 
BI 5 V 
B2 3'.' 
CF5V 

^£? lS?rl 5 d ! n f°.pAc373. The location of the BamHl site is 
snmedso that it is just downstream of an ATG start codon The 
^asmids P Ac701 and pAc702 differ from pAc700 in that the 
roamnbam are shifted relative to the ATG by ah additional 1 

- •tS a &" f ?P eaive| y (F, « 6) ' Notc a V™ 1 (TTTAAA) site 
5^™:* a ^ngle base substitution and the insertion of an 
^adoauona^^prec^g the ATG not t found in the wild -type 
PSKSB^^S^"^ mto of these vectors. ^ <- - 

v^^5^^ ;D w^o fra 8K cnis wcrc wbcloned into the 
^^M3mpl8 or M13mpl9* and sequenced using the 
o^^g^ain termination method of Sanger et a/ ». A 27-base 
rtedf^^'I r' (5'-CAATATATAGTTGCTGATAT- 
J^^^^L'??? 1 ? 801 " lo nud ~"dcs -ill through -85 of 
^H^P^^i? 11 promoter, was synthesized an3 used as 
^ u S^^^S^^or other regionva 17-mer MIS universal 
prinjet^wjised tnswad.- The sequence was determined either on 
° n iS C ^S njc strand of independently-isolated 

^^^^^^f^^SSl of *.PO>yhedrin-IGF-II fusion 
P^ljMirunWgaL-llS?. J. Gen. Virol. 68:2599-2606). 

^^^^SSSK 1 ** 18 * * my ' 1 Ccn Virol. 



68:2607-2613), and HIV envelope protein (Rusche et al. 1987 
Proc Nat Acad. Sci. USA. 84:69§4-6928) were recently report- 
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,J.«- ? equ * nce of » l.«^base-pair plasmid DNA fragment from Flavobacterium sp strain ATCC 275SI 

uSSSt*!^ T^f-m iSSi d , 0, ! nStream 0ttht P r « u «"Ptive ATG initiation codon in the 

nuaeouae sequence. The amino and composition of the purified protein agrees well with that nredicted from 

than did oCSSS t t^ZST ^ Sh ° Wed ,eVC,S ° f hydro,asc activi <> 



The microbial degradation of hazardous waste offers a 
promising strategy by which such some wastes may be 
economically and safely detoxified. For selected situations, 
microbial processes have considerable advantages over 
other technologies in that microbial processes can yield 
precise products, function at low concentrations of solute, 
and require relatively low levels of technology for construc- 
.; tion and maintenance. However, there^re relatively few 
instances in which microbial processes' are being actively 
used to control hazardous wastes. «-uvciy 
P^opfcosphate compounds such as the insecticide para- 
'i SZl ^^^.y'-^nitrophenyl phosphorothioate) are 
^ susceptible to microbial hydrolysis by bacterial parathion 
. - hydrolases. In fact, such soil hydrolases are thought to play 
role in the rdatively low persistence of these compounds 

^K^ ?P 5 OS . pha ! 6s . constitute a ***** of the 

^ *? »<l««trialized countries, there is a 
^&2£&™&?2 nM>le ^o^ detoxify organo- 
^ffiS®? 4 '?^' ( ? uch 85 residual concentraiMin 
*^F 9 &Z"* m ?*? t contaminate<1 stock solutions, and 
. ;5 Uute .'^ c » de solutions resulting from the washing of 
spraying equipment). This need has stimulated recent re- 
r search on parathion hydrolases 

"IS^S bydrolase activities have been described in a 
-iSSS'.? ^ 5te ? 1 180,3165 and m characterized by byroad 
SST "yf 8 f0r Com P° unds structurally related to para- 
xon, broad tonperature and P H optima, and high stability 

2^2*3 *5 Parath,0n ^^lases that have been 
c^ctenzed m detad, the enzymes encoded by the related 
opd ^ genes of « fl v 0 fc,c/er««n sp. strain ATCC 27551 and 
Pstudomoms dtmumta MG are noteworthy because of their 
fa«h speafic activities. (10, 16). The hyiSS^udnJ 
Fjavobac enum stram has been used in a pUot-scaleVystem 

Jugh concintrati^s of Sic 
organophosphate msecticide coumaphos [O.Osliethyl-O 
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(3-chloro-4-methyl-2.oxo-2H-l-ben2opyran-7-yl)phosph^->. 
thioate] (6). 

Our laboratory has been particularly interested in modify- 
ing the Flavobacterium opd gene in order to maximize 
parathion hydrolase activity in other bacterial hosts. Our 
specific goals tn this study were to (i) determine the nucleo- 
tide sequence of the Flavobacterium opd gene; (ii) determine 
the amino-terminal sequence and total amino acid composi- 
tion of the hydrolase protein isolated from Flavobacterium 
extracts; and (ui) characterize the hydrolase proteins pro- 
duced in Escherichia coli strains when the opd gene (and 
mutagenized opd genes) is activated by an E. coli promote. 
While this work was in progress, the nucleotide sequences of 
the Flavobacterium and P. diminuta opd genes were re- 
ported (4, 9). We discuss the differences between our nucle- 
otide sequence and those sequences. 

MATERIALS AND METHODS 
Bacterial strains and j>lasmid 
ATCC 27551' and The 

seaitPBrireratorK 
thehoW^lT" 1 
Tor hyarolase w 
wfaidL jPr&L 
Flav&aT?ieffl$ 

ai)..p\ u _„ 

fragment 1 con&aning%?5 

DNA sequencing. The sequencing strategy is shownln Fi^J 
1. Subfragments of pWM44 and pWM513 were ligated into * 
M13 vectors mpl8 and mpl9 (21) and sequenced by the" 
dideoxy method of Sanger et al. (15), using a Sequenase Kit . 
(U.S. Biochemical Corp., Cleveland, Ohio) and a Macro- 

P Mp re * S f?x enCmg WP*™*"* (LKB Instruments, Inc.. Rock- " 
viUe, Md.). The DNA sequences of several subfragments 
were independently determined by using a model 370A 
sequencer (Applied Biosystems, Inc.. Foster City, Calif.)i 
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FIG. 1. Strategy for sequencing the 1,693-bp DNA fragment from the Flavobacterium plasmid pPDL2 containing the opd gene Lieht 
; - arrows indicate DNA sequences from M13 subclones that were combined to yield the entire DNA sequence. Heavy arrow shows the ORF 
^ for the opd gene. Positions of the putative translation initiation site and actual amino terminus are marked Met and Ser respectively 
:■ R^tncuon sites used to generate M13 subclones are shown (only one of many SaulK sites is shown). The site of fusion bet'ween the iacZ 
and opd genes in plasmid P JK33 is marked V 1 . The linker insertion site used to generate plasmid pJK33VDde is marked V 2 The leneih of 
the sequence in base pairs is shown. 6 



"with 7-deaza-dGTP and Sequenase used as described by the 
i manufacturer. 

' Protein purification, amino-terminal sequencing, and amino 
acid composition analysis. Purification of the membrane- 
: bound Flavobacterium hydrolase has been described else- 
* where (10). The hydrolase proteins specified by pWM513 
. and pJK33 were purified from £. coli extracts, using essen- 
vt - tially the procedure used for the Flavobacterium hydrolase 
. ex <_pt that the pWM513 and pJK33 hydrolases were isolated 
; : : from the soluble fraction of cell extracts rather than from the 
membrane fraction. Before amino-terminal analysis and 
>.u amino acid composition analysis, protein samples were 
-'-- further purified by reverse-phase chromatography, using a 
JBrownlee RP300 column (Applied Biosystems) and a gradi- 
enrof 0 to 67% acetonitrile-33% n-propanol in 0.1% trifluo- 
r @roacetic acid. Ammo-terminal residues of protein samples 
^were determined by using 10-*ig samples and an Applied 
^Biosystems model 477A peptide sequencer. The amino acid 
, . composition of a 3-pg sample of the Flavobacterium hydro- 
igiase was determined by high-performance liquid chromatog- 
raphy separation of the amino acids from a 24-h hydrolysate 
J*6 N HQ at 108°C. 

vSDS-PAGE. Sodium dodecyl sulfate-polyacrylamide gel 
^ectrophbresis (SDS-PAGE) of proteins was performed by 
^bAmethod of Laemmli (8), using 12% resolving gels and 4% 
£||*wcking gels. The proteins in the gels were fixed and stained 
-ma solution of 0.25% Coomassie brilliant blue R in 40% 
methanol-7% acetic acid. The gels were destained in 40% 
; t methanol-7% acetic acid. 

; g Construction of the laeZ-opd fusion plasmid pJK33. To 
^gei ; rate a series of lacZ-opd gene fusions, the 1.2-kb 
^ Sphl-Pstl fragment from pWM513 was digested with exonu- 
- clease SI (3 mg/ml of DNA, 15,000 U/ml of enzyme, 37°C, 30 
'IRCu" Thesc -digestion conditions allowed the digestion of 
^jooth single- and double-stranded DNA (see Results). After 
^ejrtraction with phenol-chloroform and precipitation with 
methanol, the DNA was subjected to blunt-end ligation with 
^jnexcess of the £coRI linker oligonucleotide 5'-GGAAT 
^ Bochrin S er Mannheim Biochemicals, Indianapolis, 
X } and digested with BamHl and EcoRI. After 
^Wraction with phenol-chloroform and precipitation with 
^"fciool, the DNA was ligated to pUC19 DNA that had been 
gested with BamHl and £coRI and used to transform £. 
. - *fpH5o cells. Ampicillin-resistant transformants were 
#*creened for parathion hydrolase activity (10). DNA se- 



quencing was used to determine the lacZ-opd fusion sites in 
the recombinant plasmids that were generated. 

Mutagenesis of pJK33. pJK33 is an active lacZ-opd gene 
fusion plasmid (its construction is described above). The 
910-base-pair (bp) EcoRl-Ddel DNA fragment from pJK33 
was isolated and ligated to a D<tel-digested DdeUHindlll 
linker oligonucleotide, 5'-TGAGGTAGAAGCTT-3' (Synthe- 
cell Corp., Rockville, Md.). After ligation, the DNA was 
digested with //mdlll, ligated to pUC19 DNA that had been 
digested with EcoRI and ////idlll, and used to transform £. 
coli DH5a cells. Insertion of the oligonucleotide was verified 
by DNA sequencing the recombinant plasmid (pJK33VDde) 
that was generated. 

RESULTS 

Nucleotide sequence of the Flavobacterium plasmid frag- 
ment containing the opd gene. Figure 2 shows the nucleotide 
sequence of the 1,693-bp BamHhPstl DNA fragment from 
the 39-kb Flavobacterium plasmid pPDL2. Previous studies 
have demonstrated the orientation and approximate location 
of the opd gene within the 1,168-bp region bounded by the 
Pstl site at position 357 and the BamHl site at position 1525 
(11, 12, 16). Within this region, there is only one open 
reading frame (ORF) large enough to encode the 35,000- 
dalton (Da) hydrolase protein (10). Upstream of this reading 
frame, a possible promoter was identified on the basis of its 
homology to the E. coli promoter consensus sequence at 
positions -35 and -10 (5). A possible Shine-Dalgarno se- 
quence, AAGG, is located 7 bp upstream of the first ATG 
codon that occurs in the reading frame (19). 

Amino-terminal analysis and amino acid composition of the 
Flavobacterium hydrolase. By using the first ATG codon 
(position 419) within the ORF as the presumptive translation 
initiation site of the opd gene, a protein of 39,000 Da is 
predicted from the nucleotide sequence. This value is con- 
siderably larger than the estimate of 35,000 Da obtained from 
chromatography and electrophoresis of the purified protein 
(10). One explanation for the discrepancy between the 
predicted and observed protein masses is that the hydrolase 
protein is translated as a larger polypeptide that is then 
subjected to posttranslational cleavage to yield a smaller, 
mature species. Indeed, the posttranslational processing of 
this membrane-bound protein may play an integral role in 
determining its ultimate cellular location. To test this hy- 
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S * C CAT CCC ACC CCC TTA CCC CCC CCC TCC TCC ACC CCT TCA CCC ACC ATC TCC ATA T CC TCC ACA TCA ACC CCC CCA CCT ATC CCC TTC 

**«HI 20 Xhol 70 

CCA CCA CCC CCA AAC CCC AAA ACC ACA CCC ACC ACC CAC ACC AAC ACC ACC TCC CCC CCC CAT CAC CTC ATC ACA AAA CCC CTC ATC TCC 

110 160 
TCT CCT CAA CCC CCT TCC CTA CCC TCC ACA CCC TTC ACC ACA CCA CAT CAA ACC ACC CCC TCC ACA ACA CCC TTT TTC TTC AAT CCA ACT 

ioO -35 -10 250 

CCT ACA CTC TTA CAC CCC AAT CTT CCA CAA TTT TAG CCC CCC ATT CAC AT C TCA CCC CTC AAC A GT AAA ACA AAC AAC CCC TTC ACA TCT 

290 340 BglH 

RBS Met Cln &t„to& m tostek&h^^yV&2^ 

CCA CCC TCA CTC CCC ACC ACT CCC TCC AAC CAC ACT CCT AAC CAA TCC C AA CC C CGC ACC ATC 'Ca a ^^^(^ACCf^^^t^SSC^kAG^^ 
"7^7 380 Sphl 7 r 430 

Alt Ala Ala Ala Cly Thr Leu Leu Cly Cly Leu Ala Cly Cye Ala Ser Val Ala Gly Ser He Cly Thr Cly Asp Arg He Aan Thr Val 
CCC CCC CCC CCA CCA ACT CTC CTC CCC CCC CTC CCT CCC TCC CCC ACC CTC CCT CCA TCG ATC CCC ACA CCC CAT CCC ATC AAT ACC CTC 

Atr Cly Pro He Thr He Ser Clu Ala Cly Phe Thr Leu Thr Hie Clu His He Cys Gly Ser Ser Ala Cly Phe Leu Arg Ala Trp Pro 
CCC CCT CCT ATC ACA ATC TCT CAA CCC CCT TTC ACA CTC ACT CAC CAC CAC ATC TCC CCC ACC TCC CCA CCA. TTC TTC CCT CCT TCC CCA 

SSo 610 

Clu Phe Phe Cly Ser Arg Lys Ala Leu Ala Clu Lys Ala Val Arg Cly Leu Arg Arg Ala Arg Ala Ala Cly Val Arg Thr He Val Asp 
CAC TTC TTC CCT ACC CCC AAA CCT CTA CCC CAA AAC CCT CTC ACA CCA TTC CCC CCC CCC ACA CCC CCT CCC CTC CCA ACC ATT CTC CAT 

*50 700 
Val Ser Thr Phe Asp He Gly Arg Asp Val Ser Leu Leu Ala Clu Val Ser Arg Ala Ala Asp Val His He Val Ala Ala Thr Cly Leu 
CTC TCC ACT TTC CAT ATC CCT CCC CAC CTC ACT TTA TTC CCC CAC CTT TCG CCC CCT GCC CAC CTT CAT ATC, CTC CCC CCC ACC CCC TTC 

Sail 740 790 

Trp Phe Aap Pro Pro Leu Ser Met Arg Leu Arg Ser Val Clu Clu Leu Thr Cln Phe Phe Leu Arg Clu He Cln Tyr Cly He Clu /u>p 
TCC TTC CAC CCC CCA CTT TCC ATC CCA TTC ACC ACT CTA CAC CAA CTC ACA CAC TTC TTC CTC CCT GAG ATT CAA TAT CCC ATC CAA CAC 

830 °80 
Thr Gly He Arg Ala Gly He He Lys Val Ala Thr Thr Cly Lys Ala Thr Pro Phe Cln Clu Leu Val Leu Lys Ala Ala Ala Arg Ala 
ACC CCA ATT ACC CCC CCC ATT ATC AAC CTC GCC ACC ACA CCC AAC CCC ACC CCC TTT CAG CAC TTA CTC TTA AAC CCC CCC CCC CCC C CC 

$20 970 Saal 

Ser Leu Ala Thr Cly Val Pro Val Thr Thr Hie Thr Ala Ala Ser Cln Arg Asp Cly Clu Cln Cln Ala Ala He Phe Clu Ser Clu Cly 
ACC TTC CCC ACC CCT CTT CCC CTA ACC ACT CAC ACC CCA CCA ACT CAC CGC CAT CCT CAC CAC CAC CCC CCC ATT TTT CAC TCC CAA CCC 

1010 1060 
Leu Ser Pro Ser Arg Val Cya He Cly His Ser Aap Aap Thr Aap Asp Leu Ser Tyr Leu Thr Ala Leu Ala Ala Arg Cly Tyr Leu He 
TTC ACC CCC TCA CCC CTT TCT ATT CCT CAC ACC CAT CAT ACT CAC CAT TTC ACC TAT CTC ACC CCC CTC CCT CCC CCC CCA TAC CTC ATC 

il00 U50 
Cly Leu Aap His He Pro. His Ser Ala He Cly Leu Clu Asp Aan Ala Ser Ala Ser Ala Leu Leu Cly He Arg Ser Trp Cln Thi ± 
C CT CTA CA C CAC ATC CCC CAC ACT CCC ATT C CT CTA CAA CAT AAT CCC ACT CCA TCA GCC CTC CTG CCC ATC CCT TCC TCC CAA ACA u^C 

Xbal 1190 Xbal 1240 

Ala Leu Leu He Lys Ala Leu He Aap Cln Cly Tyr Met Lys Gin He Leu Val Ser Aan Asp Trp Leu Phe Cly Phe Ser Ser Tyr Val 
CCT CTC TTC ATC AAC CCC CTC ATC CAC CAA CCC TAC ATC AAA CAA ATC CTC CTT TCC AAT CAC TCC CTC TTC CCC TTT TCC ACC TAT CTC 

1*280 v 2 
Thr Aan He Met Asp Val Met Asp Arg Val Aan Pro Asp Cly Met Ala Phe He Pro Leu Arg Val He Pro Phe Leu Arg Clu Lys Cly 
ACC AAC ATC ATC CAC CTC ATC CAT CCC CTC AAC CCC CAC CCC ATC CCC TTC ATT CCA CTC AC A CTC ATC CCA TTC CTA CCA CAC AAC CCC 

1370 Mel U20 

Val Pro Cln Clu Thr Leu Als Cly lit Thr Vsl Thr Asn Pro Ala Arg Phe Leu Ser Pro Thr Leu Arg Ala Ser QQQ 
CTC CCA CAC CAA ACC CTC CCA CCC ATC ACT CTC ACT AAC CCC CCC CCC TTC TTC TCA CCC ACC TTC CCC CCC TCA TCA CCC CAT C TC CAT 

1460 1510 BakRI 

CCT TCC ACC CAC CCC CCA CTA TTC CCC CTC AAC ATA CCC AAC CAT CAA CTC CCC CAT CCA TCC ATA CCC ATC TTC AAT TTC ATC ACC T 

— 15* 



550 1600 
CCC ACC TCC AAA CCC CTC CCC ACC CCT CTC CAT ACT CTT CAC CAC CTA CCC CAC ACC CTC CTT TTC CAA CTC CAC 3' 

1640 1690 PstI 



FIG. 2. Nucleotide and deduced amino acid sequences of the Flavobacterium parathion hydrolase gene opd. Putative promoter sequencers 
(-35 and -10), a Shine-Dalgamo sequence (RBS), and sites of oligonucleotide insertion for constructing pJK33 {V 1 ) and pJK33VDde (V ) 
are shown above the appropriate locations. The ammo-terminal residues of the hydrolase protein that was purified from Flavobacterium 
extracts are underlined by a thick line. Restriction sites used in the DNA sequencing are underlined by thin lines. 



pothesis, the hydrolase protein was purified from Flavobac- 
terium extracts, and the first 24 amino-terminal residues 
were determined (Fig. 2). The sequence of the amino- 
terminal residues of the Flavobacterium hydrolase revealed 
that serine is the amino-terminal residue, corresponding to a 
TCG codon (position 506) 87 bp downstream of the presump- 
tive ATG initiation codon in the DNA sequence (Fig. 2). 
Comparison of the amino acid composition of the purified 
protein with the composition predicted by the DNA se- 
quence (using serine at position 506 as the amino terminus) 
showed close agreement between the two (Table 1). Thus, 
although we have no direct evidence of a precursor polypep- 
tide in Flavobacterium extracts, the amino terminus of the 
mature protein indicates that it is the product of proteolytic 
cleavage. A plot of the hydropathic character of the poly- 
peptide predicted from the DNA sequence revealed the 
hydrophobic nature of the putative leader peptide (Fig. 3). 



Construction of lacZ-opd fusions. Even within cons' :- 
tions in which an exogenous promoter (such as the =...Z 
promoter in pWM513) was inserted upstream of opd, para- 
thion hydrolase activity was markedly lower in E. coli 
extracts than in extracts from wild-type Flavobacterium 
cells (Table 2). It is possible that the parathion hydrolase 
encoded by opd is incorrectly processed from its larger 
precursor in E. coli and that proper processing is a prereq- 
uisite for optimal enzyme activity. This proposal is sup- 
ported by comparison of the hydrolase protein isolated from 
E. coli cells containing pWM513 (in which the 1.3-kb P x 't\ 
fragment containing the opd gene is inserted into pU*- ^ 
with the hydrolase protein from Flavobacterium extracts. 
First, unlike membrane-bound enzyme in Flavobacterium 
sp., the pWM513 enzyme from E. coli extracts was primarily 
located in the cytosol (Table 2). Second, the pWM5l3 
enzyme was larger than that isolated from Flavobacterium 
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*' TABLE 1. Comparison of the experimental and predicted amino 
acid compositions of the Flavobacterium sp. hydrolase protein 



Amino acid 


Molar composition (%) 


Predicted no. 


Fxnerim^ntfll 




\Jl ICMUUCl 




7.61 


7.44 


f* + 10 = ?s 

O • 17 — LJ 




8.39 


7.74 


1ft + — 


*Vr 


7.65 


7.74 


Ifs. 

to 


dy 


8.66 


8.33 




His 


2.01 


2.08 




Arg 


7.81 


7.74 


26 


Thr 


7.63 


7.44 


25 


Ala 


12.60 


11.61 


39 


Pro 


4.65 


4.17 


14 


Tyr 


1.57 


1.49 


5 


Val 


6.11 


6.55 


22 


Met 


1.65 


1.49 


5 


Cys 


0.44 6 


0.60 


2 


lie 


5.86 


7.74 


26 


: HJ 


10.17 


9.82 


33 


r.ie 


4.51 


4.46 


15 


Lys 


2.68 


2.38 


8 


Trp 


c 


1.20 


4 



a Predicted from the DNA sequence, using serine as the amino-terminal 
residue. 

b Recovery of Cys by this method is typically quite low relative to levels of 
other residues and therefore is of little comparative value. 
e Trp is destroyed during hydrolysis and therefore cannot be quantitated. 



TABLE 2. Comparison of parathion hydrolase activities 
of extracts of Flavobacterium sp. and E. coli 
containing opd plasmids" 







Sp act 


% of 


Host strain 


Plasmid 


(M.mol-min~'-mg 


total 






of protein" l ) b 


activity 


tlavobacterium sp. 


prULi 






Crude extract 




6.35 




/"V 111 T\ I A f|*n | 1 f\ r\ 

ouiuuic lnitiion 




i in 
j. 1U 


36 


Membrane 




17.35 


64 


fraction 








E. colt DH5a 


pWM513 






Crude extract 




0.10 




Soluble fraction 




0.11 


82 


Membrane 




0.04 


18 


fraction 








£. colt DH5a 


pJK33 






Crude extract 




0.28 




Soluble fraction 




0.33 


91 


Membrane 




0.11 


9 


fraction 








E. coli DH5ct, 


pJKJ3VDde 


ND 




crude extract 









* Cell extracts from 500-ml cultures of Flavobacterium sp. and £. coli were 
prepared as previously described (10). 

6 Detection limit of the assay is <0.00002 M-mol min* 1 • mg of protein" 1 . 
ND, No detectable activity. 




Amino Acid Number 

FIG. 3. Plot of the hydrophobic character of the proposed parathion hydrolase precursor polypeptide. Values were calculated for amino 
acids deduced from the DNA sequence, using an averaging length of seven residues (7). The deduced amino acid sequence of the first 32 
residues of the precursor polypeptide is shown above the plot. The leader peptide cleavage site is marked by a vertical arrow. 
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FIG. 4. Comparison of the parathion hydrolase protein from 
Flavobacterium sp. strain ATCC 27551 containing pPDL2 with the 
hydrolase proteins produced in E. coli strains containing pWM513 
and pJK33. Purified proteins from each strain were subjected to 
SDS-PAGE as described in the text. Molecular mass values of 
protein standards are expressed in kilodaltons. (A) Flavobacterium 
sp.(pPDL2) hydrolase; B, E. co//(pWM513) hydrolase; (C) £. coli 
( P JK33) hydrolase. 



sp. (Fig. 4). Although it is likely that the pWM513 enzyme 
corresponds to the predicted hydrolase precursor protein, 
we have been unable to directly test this hypothesis by 
sequencing the amino-terminal residues of the pWM513 
protein. 

If improper (or lack of) processing of the hydrolase in £. 
coli is the basis of the low activity in cells containing 
pWM513, then deletion of the coding region for the signal 
peptide could lead to increased parathion hydrolase activity 
in E. coli extracts. To test this hypothesis, lacZ-opd fusions 
were constructed in which the 5' end of the opd gene was 
partially digested and fused to the first five codons of lacZ in 
pUC19. In one of the resulting hybrid plasmids (pJK33). the 
first five codons of lacZ were fused to the opd codon GGC 
(Gly) at position 518 (Fig. 2), thus deleting the 29-residue 
signal peptide along with the first four residues of the native 
mature protein. Amino-terminal sequencing of the hydrolase 
protein from extracts of cells containing pJK33 confirmed 
that this fusion protein contained the first five lacZ residues 
(Met-Ile-Thr-Asn-Ser-) followed by hydrolase residues 
(-Gly-Asp-Arg-). Extracts of E. coli cells containing pJK33 
showed levels of hydrolase twofold higher than those of cells 
containing the parent plasmid pWM513 (Table 2). Moreover, 
the pJK33 lacZ-opd fusion protein was identical in mass to 



the Flavobacterium protein, as judged by SDS-PAGE (Fig. 
4). That the two proteins had the same mass suggests that the 
Flavobaaerium hydrolase is not processed further after 
cleavage of the leader peptide. 

Mutagenesis of the carboxyl region of the Flavobacterium 
hydrolase. The results of our nucleotide-sequencing experi- 
ments on the Flavobaaerium opd gene showed 50 differ- 
ences from the results of a previous study (Fig. 5) (4). One 
result of the many differences between the two sequence : ; s 
that they predict different translation termination points tor 
the hydrolase protein. To test whether the translation of the 
Flavobacterium hydrolase terminates before the point pre- 
dicted by our nucleotide sequence, a mutant of the lacZ-opd 
fusion gene in pJK33 was constructed by inserting a TAG 
nonsense codon 3' to the opd Dde\ site at position 1406 (Fig. 
2). Consistent with the predictions of our sequence, E. coli 
cells containing the mutant plasmid (pJK33-VDde) displayed 
no hydrolase activity (Table 2). 

DISCUSSION 

This study presents the DNA sequence of the opd gene 
from the 39-kb Flavobacterium plasmid pPDL2. Although 
the sequence we determined varies substantially from a 
previously reported sequence (4), our sequence is fully 
consistent with the experimentally determined amino-ter- 
minal sequence and amino acid composition of the purified 
protein. We give evidence that the Flavobacterium enzyme 
is processed at its amino terminus. In addition, we show that 
deletion of the nucleotide sequence encoding the putiii 
leader peptide increases activity of the gene in E. :i 
extracts. 

Examination of the opd gene DNA sequence reveals one 
ORF capable of encoding the 35,OO0-Da hydrolase protein. A 
search of the DNA sequence upstream of the putative opd 
coding region revealed putative promoter and Shine-Dal- 
garno sequences with appropriate spacing. In fact, the 
sequences found are a perfect match for the -35 consensus 
sequence (GGTACA) and a less favorable match at -10 
(TAAAAG). If these sequences are used in Flavobacterium 
sp. as an RNA polymerase promoter, then it is unclear k';v 
they do not function in E. coli. Nevertheless, expression of 
the opd gene in £. coli is entirely dependent on exogenous 
promoters (6; W. Mulbry, Ph.D. dissertation, University of 
Maryland, College Park, 1987). It is possible that there is a 
transcription termination sequence downstream of this pro- 



LcccAcn! LJ 97 " #52 i. " 7 *-' 533 544. ..585 596.. .642 645.. .657 660.. .681 689.. .788 792 

CCCCCACGA CACCC TCCCA ACCCTCCCCCCT ACCACATCTGCC CCCC COCA CCCCCCCCA ATCCT 

*** * ** * * * * * * *** • 

CC C A CA CA CC TCCCA AT CTCCCCC T ACCACATCT CC CC C CCCA CCCC U ATC " 

W 104. ...134 137. ..163 167. ..173 182. ..223 233. ..279 281. ..293 296. ..317 322.. .421 

840 844.. .859 862.. .872 876.. .895 898. ..1048 1053. ..1075 1079. ..1145 1158.. .1225 1230.. .1402 1405 
CCACT AC AC CCTCA AC AC CC AC CA ACCCT TCCCTCCCCCCCC ACCCCT TCCA 

** • * * * * * * ** . 
.,f^ CCCTCA ACT AC CCCAGCCA AC CT T CCTC CCCCC ACCCCT T CA 

472 476.. .491 495.. .505 510.. .529 533.. ..683 690 712 715 781 790 857 862.. ..1034 1036 

U " 1489 1492.. 1500 1512.. .1535 1539. ..1605 1608.. 1633 1635.. .1659 1687 

TCCT C11C CCTTOXCCCGT C ACCCA ATTT CC T ACC ACC TACCCCACACCCTCCTTTTC CAA 



1033^055 lllf^Ul i.,?™ CCTGC 1 , irt ...f** ATCC AOCQ^AOCCAaaCU,l U ,UU U ,lCA 

1053 1055.. .1119 1123.. U31 1140.. .1163 1167.. .1233 1236. .1261 1264. ..1288 ;32< 

mwtv 5 * Diffcren ? cs ** twccn Flavobacterium nucleotide sequence determined in this study and that reported by Wild and co-workers 
(4). The upper nucleotide sequence and numbering system correspond to the sequence determined in this study the lower nucleotide 
sequence and numbering system correspond to the sequence reported by Wild and co-workers (4). Positions where the two sequences differ 
are marked (*). 
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moter sequence that is recognized in E. coli but not in 
Flavobacterium sp. However, this appears unlikely, since 
insertion of an exogenous promoter upstream of these se- 
quences (at the BamHl site [position 1]; 16) activates the opd 
gene at levels roughly equivalent to those of constructions in 
which the promoter is inserted downstream of these se- 
quences (at the Pstl site [position 357]). Recently, the 1.5-kb 
amHX fragment that contains the Flavobacterium opd gene 
has been shown to function in the gram-positive organism 
Streptomyces lividans in the absence of exogenous promoter 
sequences (18). The responsible promoter sequences were 
localized by a deletion experiment to the region that contains 
our putative promoter sequences. 

Wild and co-workers (4) have noted the presence of a 
sequence 5' to the opd coding region that bears some 
resemblance to a m/-type promoter sequence (3). This se- 
quence is also present in the nucleotide sequence we have 
determined. We have cloned a 7.3-kb EcoRl fragment that 
c icompasses nearly the entire region conserved between the 
oprf-containing plasmids (12) in the broad-host-range vector 
pVDZ'2 (2). When this construct was introduced into Pseu- 
domonas putida, the cells showed little or no parathion 
hydrolase expression (J. S. Karns, unpublished observa- 
tions). Thus, if the promoter postulated by Wild and co- 
workers is responsible for initiating transcription of the opd 
gene in Flavobacterium sp. , it does not function in P. putida. 
The activity of such promoters is frequently positively 
regulated, and the lack of a positive regulatory element may 
< plain the lack of parathion hydrolase expression in gram- 
h .gative hosts other than the native Flavobacterium sp. and 
P. diminuta. However, since the conserved region between 
the two plasmids was cloned, it seems that any positive 
regulator unique to opd expression would also have been 
cloned. The lack of expression in P. putida combined with 
the apparently constitutive expression of opd in Flavobac- 
terium sp. and P. diminuta argue against any such regulated 
promoter. 

The putative Shine-Dalgamo sequence AAGG is located 7 
bp upstream of the first ATG codon that occurs in the opd 
( IF. However, amino-terminal sequencing of the hydrolase 
protein shows that the amino-terminal residue is a serine 
located 29 residues downstream of this Met codon. The 
putative 29-residue leader peptide, like other leader peptides 
(20), is hydrophobic and has basic residues near its amino 
terminus. However, the cleavage site used by Flavobacte- 
rium cells would not be predicted by current models (there 
would be several other preferred sites) (20). The isolation 
from £. coli extracts of a hydrolase protein that is larger than 
that from Flavobacterium extracts suggests that the signal 
peptide is not cleaved in £. coli. In contrast, the signal 
F otide may be functional in gram-positive organisms — 
*hen the 1.5-kb BamHl fragment containing the Flavobac- 
terium opd gene is cloned in S, lividans, parathion hydrolase 
is secreted into the culture medium (18). 

The predicted mass of the processed opd hydrolase 
(36,000 Da) differs slightly from the observed mass of the 
Protein from Flavobacterium extracts (35,000 Da). Despite 
this difference, the veracity of the nucleotide sequence is 
supported by agreement of the predicted and experimental 
amino acid compositions, confirmation of amino-terminal 
sequence, and results of a deletion cloning experiment (in 
* ich expression was eliminated by the insertion of an 
in-frame nonsense codon about 100 bp upstream of the 
Predicted carboxyl terminus). Therefore, it is likely that the 
discrepancy between predicted and observed mass is prob- 
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ably due to the aberrant mobility of the hydrolase during 
electrophoresis and gel filtration chromatography. 

Relatively low expression of the Flavobacterium opd gene 
even in the presence of exogenous E. coli promoters lead to 
an examination of the opd protein produced in E. coli. The 
E. coli protein is larger than the protein isolated from 
Flavobacterium extracts and is therefore either an unproc- 
essed or a misprocessed form of the precursor protein. 
Moreover, in contrast to the membrane-associated Flavo- 
bacterium protein, the E. coli protein is pri marly partitioned 
in the cytosol. Extracts of £. coli cells containing a lacZ-opd 
translational fusion in which the leader peptide was deleted 
and replaced by five amino-terminal residues of lacZ dis- 
played greater hydrolase activity than did cells that con- 
tained the entire opd gene. 

Wild and co-workers previously reported the sequence of 
the 1.3-kb Pstl fragment from the Flavobacterium plasmid 
pPDL2 (erroneously termed pSM55 in their work) (4). Al- 
though their sequence (corresponding to positions 357 to 
1693 in Fig. 2) agrees in large part with the sequence we 
determined, there are 50 base differences between the two in 
the region that they overlap. The reason for these substantial 
differences (which lead to significantly different predicted 
hydrolase proteins) is unclear. It is unlikely that these 
changes stemmed from cloning from different original 
sources, since M13 subclones used for both studies were 
derived from pWM44. The predictions of our nucleotide 
sequence agree well with experimentally determined values 
for amino-terminal sequence, amino acid composition, and 
approximate site of carboxyl terminus. In contrast, the 
predictions from the nucleotide sequence of Wild and co- 
workers are not consistent with any of these experimental 
values. 

Southern hybridization experiments as well as restriction 
mapping of the Flavobacterium opd plasmid pPDL2 and P. 
diminuta opd plasmid pCMSl have shown that the two opd 
genes are related if not identical (11, 12). More recently, 
Wild and co-workers reported the nucleotide sequence of the 
Pseudomonas opd gene (9). This sequence was identical to 
the sequence they later determined for the Flavobacterium 
gene with the exception of a single-base change (4, 9). 
Although we have no independent sequence information for 
the Pseudomonas opd gene or any protein work to test their 
sequence, the two genes are probably identical. Therefore, it 
appears likely that the Pseudomonas opd nucleotide se- 
quence of Wild and co-workers is in error in precisely the 
same regions as is their Flavobacterium opd nucleotide 
sequence. A more thorough analysis of the Pseudomonas 
opd nucleotide sequence will undoubtably resolve this ques- 
tion. 
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ADDENDUM IN PROOF 

Through personal communication we have learned that 
Cuneyt Serdar and his colleagues at AMGEN have deter- 
mined the correct nucleotide sequence of the Pseudomonas 
diminuta opd gene. Their work (Biotechnology, in press) 
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shows that within the protein-coding region, the nucleotide 
sequence of the P. diminuta opd gene is identical to the 
Fiavobacterium sequence we have presented here. 
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Recombination at 
the Molecular Level 



All DNA is recombinant DNA. In engineering relatively simple 
changes in gene expression by combining and modifying DNA seg- 
ments in the test tube, we are only simulating natural processes of 
recombination and mutation that have acted throughout evolution to 
construct complex chromosomes. Genetic exchange works constantly 
to blend and rearrange chromosomes, most obviously during meio- 
sis, when homologous chromosomes cross over in every generation. 
Genetic maps derived from early measurements of the frequency of 
crossing over between different genes gave the first real information 
about chromosome structure: that genes are arranged in a fixed, lin- 
ear order. A most important recent discovery is that gene order does 
change, although rarely: Movable DNA segments called transposons 
occasionally jump around chromosomes, thus fundamentally altering 
chromosomal structure. In addition to neatly moving genes, 
transposons also scramble DNA, making deletions, inversions, and 
other rearrangements. It is becoming clear that such changes are a 
critical feature of chromosome evolution, particularly in eucaryotic 
cells. 

We now appreciate that recombination is not accidental, but is in- 
stead an essential cellular process catalyzed by enzymes that cells 
encode and regulate for the purpose. Besides providing genetic varia- 
tion, recombination enzymes allow cells to retrieve sequences lost 
when DNA is damaged by radiation or chemical accidents, by replac- 
ing the damaged section with an undamaged DNA strand from a 
homologous chromosome. Furthermore, special types of recombina- 
tion regulate gene expression. By switching specific segments within 
chromosomes, cells put dormant genes into sites where they can be 
expressed, even creating new protein-coding regions. Moreover, re- 
cent discoveries, in revealing the molecular mechanisms of recombi- 
nation, have provided new tools for the deliberate manipulation of 
genes. 

Crossing Over Is Due to Breakage 

and Rejoining of Intact DNA Molecules 1 

Until recently, there was not even a superficial understanding of the 
molecular basis of crossing over. The classical picture of crossing 
over, developed in the 1930s from cytological observations, hypothe- 
sized that during meiosis, the paired, coiled chromosomes were 
sometimes physically broken at the chromatid level as a result of ten- 
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dis-so-cia*blc (di-so'sha-bal, -shS-a-bal) adj. Capable of being disso- 
ciated : SEPARABLE. — dis-so'cis-teTi-ty, dis-so'cia-bleneas n. 
— dis*so'ci**bly adv. 

dis*80-ci*ate (di-so / sh8-3t', -si ) v. -st-ed, -at-ing, -stes. f Lat. dis- 
sociare, dissocial- : dis- (reversal) + sociare. to unite < socius, com- 
panion] — vt. LTo remove from association : separate <"Marx 
never dissociated man ■ from his social environment" —Sidney 
Hook> 2. Chan. To cause to undergo dissociation. — vi. 1. To cease 
associating: PART. 2. Chem. To undergo dissociation. — dis«so'ci'a'- 
tivc adj. 

dis-60*ci*a-tion (dl-so'sJ-a'shsn, -she-) n. 1. The act of dissociating 
or state of being dissociated. 2. Chem. a. The process by which a 
change in physical condition, as in temperature or pressure, or the 
action of a solvent causes a molecule to split into less complex groups 
of atoms, single atoms, or ions. b. The separation of an electrolyte 
into ions of opposite sign. 3. Psychiat. The separation of a group of 
related psychological activities into autonomously functioning units, 
as in the generation of multiple personalities. 

dis*sol-u*blc (dl-sdl'ya-bol) adj. [Lat. dissoJubi/is < dissolverc. to 
dissolve.] Capable of being dissolved. — di*'»oln*bil'i-ty, di»-«ol'u- 
blcness n. 

dis-ftO'lutc (dlsVUSbt') adj. [ME < Lat. dissolutus, p.part. of dissol- 
ves, to dissolve.] Lacking moral restraint : profligate. — dis'so- 
lutcly adv. iHs'iirtmr'Tirts n. 

dis*so*lu*tion (dis'a-l<5b'shan) n. L Disintegration into compo- 
nent parts : DECOMPOSITION 2. Lack of moral restraint. 3. Termina- 
tion or extinction by deconcentration or dispersion. 4. Death. 
5. Annulment or termination of a formal or legal bond, tie, or con- 
tract 6. Formal adjournment or dismissal of an assembly or legisla- 
ture. 7. Reduction to a Liquid form. — dis'so-hi'tive adj. 

dis*solve (dl-zolv') v. solved, -solv-ina, solves. [ME dissolven 
< Lat. dissolverc : dis-, apart + solvere, to release.] — vt. 1- To cause 
to pass into solution <dissoJve instant coffee in water > 2. To re- 
duce to Liquid form : melt. 3. To cause to disappear : dispel. 4. To 
separate into component pans : disintegrate. 5. To bring to an end 
by or as if by breaking up: terminate. 6. To dismiss (e.g., an assem- 
bly or legislature). 7. To affect emotionally. 8. To cause to lose defi- 
nition : blur <"Morality has finally been dissolved in pity" —Leslie 
Fiedler> 9. Law. To render null : ABROGATE. — vi L To pass into 
solution. 2. To melt 3. To disperse or break up. 4. To become disin- 
tegrated. 5. To be moved emotionally ^dissolved in tears > 6. To 
lose definition or clarity : fade away. 7. To shift scenes in a mo- 
rion-picture film or videotape by having one scene fade out while the 
next appears behind it and grows clearer as the first dims. — n. A 
scene transition in a motion-picture film or videotape made by dis- 
solving. — dis*solv'*-ble adj. — dis-solv'er n. 

dis*sol*vent (dl-zol'vant) n. A solvent. — dis-sol'vent adj. 

dis*so~naiice (dlsVnans) also dis-so-naxvey (-nan-si) n. LA 
harsh or unpleasant combination of sounds : DISCORD. 2. Lack of 
agreement : CONFLICT. 3. Mus. A combination of tones convention- 
airy held to suggest unrelieved tension and to require resolution. 

dis«so-xuuit (dls'a-nant) adj. [ME dissonaunt < OFr. dissonant < 
Lat dissonant pr.part. of dissonart, to be dissonant : dis-, apart + 
sonare. to sound.] 1* Harsh or unpleasant in sound : DISCORDANT. 
2. Disagreeing : conflicting. 3. Mus. Constituting or producing a dis- 
sonance. iHi'irm 1111-17 adv. 

dis*SU&de (dl-swid') vt -su*d*ed, -su*d*ina, ^nadcs. [Lat dis- 
suadire : dis- (reversal) + suadiie, to advise.] To discourage or deter 
from a course of action or intention by exhortation or persuasion. 



dis*sua**ion (dJ-swi'zhan) a [Lat dissuasio < dissuadire, to dis- 
suade.] The act or an instance of dissuading. rtts-na'sive adj. 
dis-ns'siVcly adv. — dis-sns'siveness n. 

dbtyl'U'ble (dl-slr*>bal, <uYsfl-, drsfl') n. var. of deyllable. 

dis*flym*me-try (dis-slmltre) a. pi. -tries. Lack of symmetry. 
— dis'syni-xnef tic (dTsl-meYrlk), dis'»yminef ri«csl ad}. — di*'- 
■ y n> mct / ri*c*l*ty adv. 

dis-taff (dtftaf) n. [ME distaf < OE dista*f : dis-. bunch of flax + 
statf. staff.] L A staff having a deft end that holds the unspun flax, 
wool, or tow from which thread is drawn in spinning by hand. 2. A 
woman's work and domain. 3. Women as a group. 

<1i staff side n. The maternal branch or female side of a family. 

dis-tal (dls'tal) adj. [dbt(ant) + -al.] Anat. Located far from the 
origin or line of attachment, as a bone. — dis'tsJly adv. 

du-tance (dls'tans) n. L The fact or condition of being apart in 
space or rime. I. a. A nonnegative number designating the magni- 
tude of a path along a straight line or curve, b. The length of a Line 
segment joining two points, c. The length of the perpendicular from 
a given point to a given line. 3. The interval separating two specified 
instants in time. 4. The extent of space between points on a linearly 
measured course. 5. a. The degree of deviation or difference that 
separates two things in relationship <the distance between liberal 
and conservative > b. The degree of progress between rwo points in 
a course or trend. 4. A stretch of linear space without definite limits. 
7. A point removed in space or time. 8. Aloofness of manner : re- 
serve — vt. -tsnccd, -tawing, -taiwe*. L To place or keep at a 
distance. 2. To cause to appear at a distance. 3. To leave far behind : 

OUTSTRIP. 



dis tant (dis'tant) adj. [ME distaunt < OFr. < Lat. distans. pr.part 
of distare. to be remote : dis-, a pan -f stare, to stand.] 1. Apart oj 
separate in space or time. 2. Far removed in space or time <the 
distant future> 3. Located at, coming from, or going to a distance 
<distam travels> 4. Remotely related <a distant cousin> 5. Of or 
relating to mental distance or absent-mindedness <a distant rev. -li 
erie> 6. Reserved in manner : ALOOF. — dis'taufly adv. 

dis-taste (dls-tisf) n. Dislike or aversion. — vt. -tAsfcd, - 
ing, -tastes. Archaic. L To feel repugnance for. 2_ To offend. 

dis-taste ful (dls-tast'fal) adj. 1. a. Disagreeable or unpleasant * 
<the distasteful job of laying off workers> b. Objectionable or of.! 
fensive <distaste/uJ magazines > 2. Expressing distaste <a distasxeA 
ful glare> — ■dis-taste'fuMy adv. — diB-ta»te'ful*neas n. 

dis- tern- per 1 (dis-tem'par) n. [ME distemperen, to upset the ha], 
ance of the humors < OFr. destemprer < Med. Lat. distemperare : 
Lat. dis- (reversal) + Lat. tewperare. to temper.] 1. a. An infectious 
virus disease occurring in certain mammals, esp. dogs, marked by loss : 
of appetite, a catarrhal discharge from the eyes and nose, and often 
partial paralysis and death, b. Any of various similar mammalian 
diseases. 2. Bad temper : peevishness. 3. Social or political disorder. 
— vt. •pered, -pefing, -pen. To upset. 

dis*tem*per* (dis-tim'psr) n. [ME distemperen, to dilute < Med. i 
Lat. distemperare. — see distemper 1 .] L a. A process of painting in. j 
which pigments are mixed with water and a glue-size or casein L 
binder, used for flat wall decoration or for scenic and poster painting ^| 
b. The paint used in distemper. 2. A painting done in distemper, -„f 
— vt. -pered, -per-ina, -pen. 1. To mix {powdered pigments or col- j 
ors) with water and size. 2. To paint in distemper, 

dis*tcnd (di-stind') v. -tend-cd, -tending, -tends. [ME disteo- A 
den < Lat. distendere : dis-, apan + tendere. to stretch.] — vi. To i 
swell out or expand from or as if from internal pressure. — vt. 1. Toxi- 
ca use to expand by or as if by internal pressure : dilate. 2. To stretch ^| 
out in all directions : extend. 

dia-ten*firble (dl-sten's^bal) adj. Capable of being distended."?! 
— disten si bil ity n. 

dis'tention also dis*ten*sion (di-sten'shan) n. [M£ disteiFS 
sioun < Lat. distentio < distenrus, p.part. of distendere. to distend.] ! 
The act of distending or state of being distended. st<A 

dis*tich (dis'tik) n., pi -tichs. [Lat. distichon < Gk. diJtiKhonx| 
distikhos, having two rows or verses : di-. rwo + stikhos. line of i 
verse.] A verse couplet, esp. one used in a Latin or Greek elegi 

dis*ti*chotts (dls'tl-kas) adj. [LLat. distichus, having two row 
Gk. distikhos. —see distich.] Arranged in rwo vertical rows or ranki1| 
on opposite sides of an axis. —Used of leaves. — dia'ti-chous ly adv. 

dis-til (di-stll') v. Chiefly Brit. vai. of distill. . h$ 

dis -till (di-stiT) v. -tilled, -till-iiia, -tills. [ME distillen < OhlH 
distiller < Lat_ destillare. to trickle : de-, down + stillare. to drip;<J3 
stilitt. drop.] — vt. LTo subject (a substance) to distillation. 2-Tt>H 
extract (a distillate) by distillation. 3. To refine or purify by or as if T 
by distillation. 4. To separate or extract the essence of < distill thtf 
main ideas of a film> 5. To exude or give off in drops. — vi. LTol 
undergo or be produced by distillation. 2. To fall or exude in drops. | 
— distill'. ble adj. ' A 

dis*tiMate (dis't>l2t', -lit, di-stil'it) n. L The liquid condensed § 
from vapor in distillation. 2. An essence or purified form. 

dis*til*ia*tion (dis't>U'shan) n. L Any of various heat-dependent| 
processes used to purify or separate a fraction of a relatively complex]] 
mixture or substance, esp. the vaporization of a liquid mixture with J 
subsequent collection of components by differentia) cooling to c 
densation. 2. A distillate. 

distillation column n. A tall cylindrical metal shell internally*] 
fitted with perforated horizontal plates used to promote separation of J 
miscible liquids ascending in the shell as vapor. j 

dis*till*er (dl-stfl'sr) n. LOne that distills, as a condenser. 2.A;| 
maker of alcoholic liquors by distillation. 

di8tiU*er*y (di-stQ">re) n.. pi. -ies. A plant or establishment for "J 
distilling, esp. alcoholic liquors. - \ 

dis-tinct (dj-stingkr*) adj. [Ml < OFr. < Lat. distinctus. p.part of^ 
disringuere, to distinguish.] L Distinguished from all others : iNplvj 
vtdual <met us on three distinct days> usage: Something is dis- J 
tinct if it is sharply distinguished or set apan from other things; *1 
characteristic or property is distinctive if it enables us to distinguish l 
one thing from another. 2. Easily perceived : clear <a distinct fra- j 
grance> 3. Unquestionable : decided <a distinct drawback> i 
4. Very likely : probable <a distinct chance of rain > 5. Marked by 1 
excellence: notable <a distinct achieve me nt> —distinctly^- 1 
— distinct'nes* n. * 

dis-tinction (di-stingk'shsn) n. L The act of distinguishing :Dfr i 
FERENTIATION. 2. The condition or fact of being dissimilar : DIFTER- ; 
ENCE. 3. A distinguishing factor, attribute, or characteristic 

4. a. Excellence or eminence, as of performance, character, or repu- 
tation, b. A special feature or quality conferring superiority : viRTUt 

5. Recognition of achievement or superiority : honor <served tbeii 
country with distinction^ 
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mite* (mlt) a [ME < MDu., a small Flemish coin.] L a. A very 
small amount of money or contribution, b. A widow's mite. 2. A 
coin of little value, esp. an obsolete British coin worth half a farthing. 
3. A very small object or creature. ^ 

mi ter (mTtar) a [ME mitre < OFr. < Ut. mitrd. headband < Git. J 
X. A tall pointed hat with peaks in front and back, worn by bishops 
and certain other ecclesiastics. J- a* A thong for binding the hair, 
worn by ancient Greek women, b. The ceremonial headdress of an- 
cient Jewish high priests. 3. A covering or top of a chimney allowing 
the release of smoke while keeping out rain and debris. A, a. A miter 
joint, b. The edge of a piece of material that has been beveled pre- 
paratory to making a miter joint, c. A miter square, —v. -tered, 
•tex-ins, -term. — vt. 1. To bestow a miter upon. 2. To make join 
with a miter joint. — vi. To meet in a miter joint. 

miter box aLA box open at the ends, with slotted sides that 

• guide a saw in cutting miter joints. 2. A device for handsaws that 
may be set to guide cuts in lumber at various degrees. 

miter joint n A joint made by beveling each of two surfaces to be 
joined, usu. at a 45° angle, to form a 90° comer 

miter square n. A carpenter's square with a blade that is set at a 
45° angle or is adjustable. 

mi*ter*wort (mTtar-wurt', -won') a A North American plant of 
the genus Mitella, with heart-shaped leaves and small white flower 
clusters. 

Mith-ra-ism (mlth'ra-Iz'am, -is-) n. A Persian religious cult that 
flourished in the late Roman Empire, rivaling Christianity. — Mith* 
ra'lc (-r2Tk) adj. — Mithia'iat ( riTst) n. 

Mith-ras (mlth'ras) a [Ut. < Gk. < OPers. mithro.] Myth. The 
Persian god of light and guardian against evil. 

mith*ri-date (mlth'ri-dJf) a [After Mithridtftes (132?-63 B.C.), 
who is said to have acquired tolerance for poison.] A substance re- 
garded as an antidote against poison. 

mith*ri*da*tisxn (mith'ri-di'tlz'am) n. Tolerance for a poison ac- 
quired by taking ever larger doses. — mith'ri-dat'ic (-ditTk) adj. 

mit-i*gate (mlr*l-gjf) vt. &. vi. -gat-ed, -cat-in*, -sates. [ME 
mitigaun < Lat. raitigare < mitis, soft.] To make or become less 
severe or intense : MODERATE. — mlt r i**a-ble (£>t»l) — mit'I- 
ga'tios a — inif i-aa'tire, mitigato ry (gs-tor'e, -toYe) adj. 
— mlf i-ga'tor a 

mi*to*chan*dri*on (mTo-kan'drf-an) a, pi -dri-a (-drt-a) 
[NLat : Gk. mitos, thread + Ck. Jthondrioa dim. of khondros, 
grain.] Bioi. A microscopic body occurring in the cells of nearly all 
living organisms and containing enzymes responsible for the conver- 
sion of food to usable energy. — tni'to-clwm'dri"«l (-dre-al) adj. 

mi*to-gen (mTu-jan) a [mito(sis) + -cm] A mitosis-inducing 
agent. — mi'to-sen'ic (mTo-itntk, mlf >) adj. — mi'tofenic'ity 
(•ja-nls'I-te) a 

mi-to-my«cin (mTo-mTsln) a [Mrro(SB) + -mton ] A complex 
of antibiotics produced by the bacterium Streptomyces catspitosm 
that is occas. used in cancer chemotherapy. 

mi*to*aia (ml-tcVsIs) a, pi. -tea (-$£/) [Gk. mi ua, thread + -OSIS ] 
Biol. L Sequential differentiation and segregation of replicated chro- 
mosomes in a cell nucleus that precedes complete cell division. 

2. The entire sequence of processes in cell division in which the 
diploid number of chromosomes is retained in both daughter cells. 
— ml-tofic (ml-torTk) adj. — mi-tofi^caMy adv. 

mitral (mTtral) adj. [Ft. < Lat mitra. miter.] L Relating to or 

resembling a miter. 2. Relating to a mitral valve, 
mitral valve a The cardiac valve between the left auricle and the 

left ventricle regulating blood flow from the auricle to the ventricle, 
mitre (tartar) a A v. Chiefly Brit vai. of mttejl 
mitt (mlt) a [Short for mitten.] 1- A woman's glove extending 

over the hand but only partially covering the fingers. 2. A mitten. 

3. A baseball glove, esp. a large leather padded glove used by catchers 
and first basemen. 4, Slang. A hand : fist. 

mitten (mir'n) n. [ME myxan < OFr. mixamt, prob. < Lat. medie- 
tas, half < medius. middle.] A covering for the hand that encases the 
thumb separately and the four fingers together. 

miftimu* (mlrVmas) a, pL murct. [Lat., we send (the first 
word of the writ).] Law. A writ instructing a jailer to hold a prisoner. 

mitz'vah (mfts'vs) n., pJ. -Toth (-v6th' ( -vot') or -Tab*. [Heb. rai> 
wah.) 1. a. A commandment of the Jewish law. b. Fulfillment of 
such a commandment 2. A worthy deed. 

mix (mlks) v. mix*ing, mix-e*. [Back-formation < obs. 

mixte, mixed < ME < OFr. < Lat. mixtus, p.part. of mucin, to mix.] 
— vt. 1. a. To combine or blend into one mass or mixture, rendering 
the constituent parts m distinguishable, b. To create or form by add- 
ing ingredients together. c,To add (an ingredient or element) to 
another. 2. To combine or join <mix happiness with disappoint- 
ment > J. To bring into social contact <mix young and old at a 
parry > 4, To crossbreed. — vi. L a. To become mixed or blended 
together, b. To be capable of being blended together <Eggs mix with 
milk.> 2. To associate socially or get along with others <mix with 
the crowd > 3. To be crossbred. — mix up. L To confuse : confound. 
2. To involve <I got mixed up in a power struggle. > —a L An act 
of mixing 2. A mixture, esp. of ingredients packaged and sold com- 



^n 



mercially < muffin mix> 3, A tape recording or a phonograph rec- 
ord produced by adjusting and combining sounds, —mix it up. 
Slang. To tight. — mix'a*ble ad). 

mixed (mikst) adj. 1. Blended together into a single unit or mass : 
INTERMINGLED. 2. Composed of a variety of differing, sometimes 
conflicting entities < mixed reactions > 3. Composed of people of 
different sexes, races, religions, or social classes. 

mixed bag a A collection of dissimilar things : assortment. 

mixed drink n. A drink of one or more kinds of liquor combined 
with other ingredients, usu. shaken or stirred before serving. 

mixed grill a A dish consisting of a variety of broiled meats and 
vegetables, typically including a lamb chop. 

mixed marriage a Marriage between persons of different races 
or religions. 

mixed-me*di a (mIksr*me'de-3) adj. Multimedia. 

mixed metaphor n. A succession of metaphors that produce an 

incongruous and ludicrous effect, as soaring ambitions that were 

stalled by a rock of resistance. 

mixed nerve n. A nerve having both sensory and motor fibers, 
mixed number a A number, as 7V*, equal to the sum of an 
integer and a fraction. 

mixed-up (mlkst'up') ad). Informal. Muddled : confused. 

mix*er (mlk'sor) a L One that mixes. 2. One who is sociable. 3. An 
informal dance or party that gives members of a group a chance to 
become acquainted with each other. 4. A device that blends or mixes 
substances or ingredients, esp. by mechanical agitation. 5. A bever- 
age, as soda water or ginger ale, for diluting alcoholic drinks. 

mix'Ol-o-gy (m!k-s6T>je) a The study or skill of preparing mixed 
drinks. — mix*oi'o*gi*t n. 

mixt (mikst) v. Archaic, var. p.t. & p.p. of mix. 

mix*ture (mlks'char) a [Fr. < Lat. mixtura < miscere, to mix.] 

1. Something made by mixing 1 Something composed of diverse ele- 
ments <a mixture of rage and frustration > 3. A fabric consisting of 
different kinds of thread or yarn. 4. The act or process of mixing or 
state of being mixed. 5. Chem. A composition of two or more sub- 
stances not chemically bound to each other. 

mix-up (miks'up') a 1. Muddle : confusion. 2. Informal A fight. 
Mi*zar (mrzar*) a [Ar. mi'zar. Mizar, veil.] The star at the crook of 
the handle of the Big Dipper. 

miz-xen or miz-en (mlz'an) a [ME meson < OFr. misaine, prob. 

< Oltal. mezzana < mezzano. middle < Lat. medianus < medius, 
half.] Miut. L A ioreand-aft sail set on the mizzenmast. 2. A miz- 
zenmast — mia'aen adj. 

mix*zen*mast or miz*en*mast (mi/an -mast, -mast') n. Naut. 
L The third mast ah on sailing ships carrying three or more masts. 

2. JICCER MAST 1. 

miz-zle 1 (mi/al) vi. -sled, -sling, -zlea. [ME misellen. ] To rain in 
fine, mistlike droplets. — mix'sle n. — miz'sly adv. 

miz-zle 1 (ml/al) vi -zlcd, -xlinx, -xle*. [Orig. unknown.] Chiefly 
Brit. To make a sudden departure. 

Mn symbol for manganese. 

mnemon-ic (nl-montk) adj. [Gk. mnimonikos, of memory < 
ma/moa mindful < Twn/ntfrm to remember ] Pertaining to, aiding, 
or intended to aid the memory, —a A device, as a formula or 
rhyme, used as an aid in remembering. -mne*mon'i<al*ly adv. 

mne*mon*ic8 (ni-monlks) n. (sing, in number). A system to en- 
hance or develop the memory. 

Mne-mcwy-nc (nI*mos / »-ne ( -moz'-) a [Lat. < Ck, Mn£mosun£ < 
mnasthai to remember ] Gk. Myth. The goddess of memory. 

-mo svff. [< DUODECIMO.] —Used after numerals to indicate the 
number oi leaves that results from folding a sheet of paper 

< twelvemo > 

Mo symbol for molybdenum. 

mo*a (mo'a) a [Maori.] Any of various large, long-necked, flighdess 
birds of the order Dinorthiformes, native to New Zealand and ex- 
tinct for more than a hundred years. 

Mo*ab-ite (mfi'a-blt') aLA descendant of Moab, the son of Lot in 
the Old Testament. £ An inhabitant of Moab. — -Mo'a-bit*' odh 

moan (mfln) a [ME mone, complaint ] L a. A low, drawn out, 
mournful sound, usu. indicating sorrow or pain. b. A sound similar 
to a moan. 2. Lamentation. — v. moaned, rooan*ins, motni. — yi. 
L To utter a moan or make a sound like a moan. 2. To complain, 
lament, or grieve. — vt. L To bewail. 2. To utter with a moan. 

moat (mftt) a [ME mote < OFr., mound.] A wide, deep ditch, usu. 
filled with water, around a medieval town, fortress, or castle for pro- 
tection against assault. — vt. moat-cd. moat •ins, moata. To sur- 
round with or as il with a moat. 

mob (mftb) a [Short for obs. mobile < Lat. mooiie \vui^,. 
(crowd).] L A large disorderly crowd. 2. The common people. 3. In- 
formal. An organized gang of criminals. — vr. mobbed, mob-bin* 
moba. L To crowd around and jostle or annoy, esp. in anger or 
excessive enthusiasm < Dozens of shouting fans mobbed the actor.> 
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ured in steradians with respect to the area delimited on the unit 
sphere centered on that point by the locus of points of intersection 
of the sphere with the lines joining the point to the perimeter of the 
surface. 

M>M«dari*ty (solT-dirT-t€) n. A union of interests, sympathies, or 

purposes among the members of a group : fellowship. 
solid geometry n. The geometry oi three-dimensional figures 

and surfaces. , L &*x.. 

soHtxi (sott-dT) ju pi of soudus. v. - -7 t ? • - 

wrUd-i-fy (s>lld' 3 .f n vt & vi. .fled, -fy4n», -ae*. 1 To "make or 

become solid or united. — »o-lid i-fi-c* ticm a 
so-licM-ty (s>Ud1-te) a 1 The state or property of being solid 

2. Something solid. * 
•olid of revolution a A volume generated by the rotation of a 

plane figure about an axis in its plane. 

soUdpropeUant °- A raker propellam in solid form, combining 
bodi fuel and oxidizer in the form of a compact, cohesive grain 

solid solution a Chenx A homogeneous crystalline structure in 
which one or more types of atoms or molecules may be partly substi- 
tuted for the original atoms and molecules without changing the 
structure. 

soMd-state (soUd-staT) adj. L Relating to or characteristic of the 
physical properties of solid materials, esp. to the electromagnetic 
thermodynamic, and structural . properties of , crystalline solids.' 
2. Based on or composed chiefly or exclusively of semiconducting 
materials, components, and related devices. 

soH-dus (sc-n-das) a, pi -dl (-dT) [ME < Lat < soUdm. solid 1 
L An ancient Roman coin used until the fall of the Byzantine Em- 
pire. 2. A virgule. 

so-lil-o-quixe <s>MVkwlz') vi. 4 vt ^ted, -vdsHnfc -qui., 
cs. To utter or put into a soliloquy. — •o-UTo-qnist, «o-lir<*quis'- 

er jl 

so-lil-o-quy (s*lff»-kwe) a, pi -quic [LLat : Ut solus, alone + 
Lat Joaui. to speak.] L Literary or dramatic discourse in which a 
character talks to himself or herself or reveals his or her thoughts in 
^the form of a monologue without addressing a listener.!. The act of 
ikin* to oneself. ... .. : rm^i: ; -. ^ ... - 

m ijmp&sm, soUp^ at^ao^aIonV+ livtose, 

- - + «■] 1 The theory that the self is the only thing that 
xan be known and verified, 2. The theory or view' that the self is the 
..only reality. — •or'ip*«Ut a — #ol ip-*i»' tic adj 
soH-toixe (sorl-tir') a [Fr. < OFr., solitary < Ut solitarius < solus, 

alone ] 1. A #m, as a diamond, set alone. 2. Any of a number of card 
games played by one person. 

sol*tary (sott-tert) adj. [ME < lat soliatrfai < solus, alone } 
i Easting, Irving, or acting without others <a solfta/y passenger > 
Ocaimng, carried out, or made alone <ajoitou7*veniiig>i Re- 
ote : secluded <a solitary mountain retreat> 4. Standing alone • 
<a solitary pine standing on the hill> ^-nvpl 4m. h One 
bves akme: recluse. 2. Informal. Solitary confinement - 

- -JMr (-taYa-te) adv. _ •oTitu^i-ncM a 
: to i i ^7 coTifinement a Omfinement of a prisoner in a cell in 

which he or she is isolated from all others. 

»toM-]l.The quahty or state of beingikme or remote from 
l X. A kmefy.or secluded place. ^ . 
* *yns: solttude, isolation a core aeaatm : the quality or 
^llfiL^fV 1 * ^ De <P rcfwre d tolimdc to crowded streets> 

jolftodm-. sohtude + -AliAN.JilWrttxuselii^]^ 
■M-teret (stfa-reY) a [OFr., dim. of^Slshoe.] A^el ahoe of 
. overlapping plates, worn as part of medieval armor. 
^TrJ? 9 * 1 ™ (sol'ml-zi'shan) a [Fr. soImisflrJon < tolmiser, to 

sol-fa ] Mm. The act or a system of using svuahfcs, as da re. and mi. 

to represent the tones of the scale. 

•O-lo (5010) a. pi. -In* ptai < Ut solus, alone] 1 An accompa- 
nied or u-, r , n ied musical composition =r passaee for a simde 
voice or instrument 2. Something performed by one peisoa Ta 
•ttrtgame in which one player angry opposes others, -adj. LCom- 
^posed arranged for, or performed by a single voice or instrument 
^Made or earned out by one person, —adv. Unaccompanied : alone. 
. yt -toed, -Icing, -lofcTo perform alone, esp. to fly an aircraft 
witnout a companion or instructor 
•o-lo-ist 'solMst) a A solo performer. 

7° mon '« n. [After SoJomoa 10th<ent king of Israeli L A 
re?*,£ mt ? 1 J ar * h ^ «> P««s mystical powers. 2. Any 

^several plants of the genus Polygonatum. with paired, droopin£ 

^eenish or yellowish flowers. 

tST2? (s0,bn * 4610 °- ^on. Athenian statesman of the 7th 

IS l^, CenL ^.li A ^ Uwgivci A ****** of a legislature. 

■o long inten. Informal. —Used to express farewell. 

•ol-Wlce (soPstis, sol'-, sol'-) a [ME < OFr. < Ut sotaium : sot 
w£ J U ^?* und -J Lj4 * £rozi - Either of two times of the year 
^nen the sun has no apparent northward or southward motion at 



\aritaa, 1 
^others. \ 



Hoot ODom thtliin tb this ucm araxge y young 
-oabase zh vision a about, item, edihle, gallop, circus 



the most northern or most southern point of the ecliptic; the sum- 
mer solstice, when the sun is in the zenith at the tropic of Cancer 
occurs about Jun. 22, and the winter solstice, when it is over the 
tropic of Capricorn, occurs about Dec. 22. 2. A highest point ■ ze- 
nith. — sototi'tiAl (-stlsh'al) adj. 

sol*n-bi*lize (so]'y>t»4lz') vt -lixed, -liz-in*. -Hm.. To make 
(substances such as fats and lipids, which are not appreciably soluble 
under standard conditions) soluble in water by the action of a deter- 
gent or similar agent 

sol u ble (sdry>b3l) adj. [ME < OFr. < LLat. soluWis < solvere to 
loosen. J L Capable of being dissolved. 2. Capable of being explained 
or solved, ^■ol'u-fail'i-ty (-bfll-te) a -tol'a-blcnes. n. -*ol'u. 
bly adv. 

soluble glass a Sodium silicate. 

SO * lui 5L <sol3m ) P l -** (-la) or -lum*. [NLat. < Ut., founda- 
tion.] The surface layers of a soil profile in which topsoil formation 
occurs. 

so-lus (solas) adj. & adv. [Ut, alone.] By oneself : alone. -Used as 
a stage direction. 

sol ute (sdlW) a [< Ut solum* p.part of solvere, to loosen ] A 
substance dissolved in another substance, usu. the component of a 
solution present in the lesser amount — Ml'vee' ad\ 
solution (sj-lflb'shan) a [ME < OFr. < Ut soratio < solutus 
p.part of OTlvere, to loosen.] L a. A spontaneously forming homoge- 
neous mixture of two or more substances, retaining its constitution 
in subdivision to molecular volumes, displaying no settling, and hav- 
mg ; vanous possible proportions of the constituents, which may be 
solids, liquids, gases, or intercombinations. b. Formation of such a 
mixture, c. The state of being dissolved, la. The method or process 
of solving a problem. K The answer to or disposition of a problem 
3. Lav. Payment or satisfaction of a claim or debt 4. The act of 
separating or breaking up : dissolution. 

So-lu-tre-axi also So-la-tri-an (s>loo'trf-*i) ad;. [After Solutri, 
France ] Of or relating to the Old World Upper Paleolithic culture 
that succeeded the Aurignacian and was marked by improved flint 
implements and stylized symbolic forms of art 
sol*va*tioii (sfil-vi'shanj^sol-) ■ a" tsOLV(ENT) ■ + •atiqn.1 Any of a 
class of chemical reactions, such as formation of hydra ted copper 
■ sulfate in aqueous solution, in which solute and solvent molecule* 
combine with relatively weak covalent bonds 
Sol-vay process (sdl'v*') a [After Ernest Solvay (1838-1932) 1 A 
process used to produce large quantities of sodium bicarbonate from 
saJt, ammonia, carbon dioxide, and limestone 
•Olve (solv, soly) vt •olved, molvHnM. »or««. [ME sojvea to 
loosen < Lat solvere,] L To find a solution to. 2. To work out a 
correct solution to (a problem). —aolv«-famtr, ■oxr'ft-hle-ness a 
— •oy* 'ble adj. -mWct a 

•ol-vent (soKvant, sol'-) adj. [Ut solvent, solvent-, pr.part of sol- 
vat, to ^looseaj 1 Able to meet one's financial obligations 2. Ca W - 
hte of dissolving another substance, -a L Chem. sl The component 
of a «ohiGon that is present in excess or that undergoes no change of 
state, b. A liquid capable- of dissolving another substance. iSome- 
thing that solves. — •or>ei><cy a 

sol-voJT^is (sol-von^ sol-) a [solvent) + -ltsc] Any of a 
cU» of ionic chemical reactions, as hydrolysis, in which solute and 
SV" 1 ,,^" ^aciouty orrdative ionic concentrations of 

the solution. — •ol'To-lyfic (-va-Urlk) adj 

^body-l^Jtof -The physical <enaty of an organism, exclusive of the 
•-'germ ceiisi':v> * * ^ - . t ■■ ■ . . 

SOTM^scHidle) a. pl SommU or -li*. L A member of one of a 
the^Sonuh 1110 ^ ^ SomaUhnd - Thc Cushitic language of 
so many adj. L Forming an unspecified number < issued so man? 
reguboons each year> 2. Forming a pack or group < fought like so 
many tigers > 

•o-ina-tai (so^ma-to) a var. pl of soma. 

•o-inatdc (so-mitTk) adj. [Ck. s6matikos < soma, body 1 L Of or 
relating to the body : physical. 2. Of or relating to the wall of the 
body cavity. 3. Of or relating to somatoplasm -touut'l-cal-lv adv 
somatic cell a. A bodily cell other than a germ cell 

^mT^jLT* ^ b0d7 3 h «°™"»™> 
*?™f£r*J n * c (so-mifHanTk) also so-matv«e-net4c 

Jwtrtk) adj. Arising within the body in response to environment 
(rf L m n t t6l ' >|f) D - L Physiological and anatomical 
?ir 0f ^ 2. Physical anthropology, —o mmtxrloti-c+l 
(so ^ojfy T-kal, s6-mif» adj. ^ 

so ™f^P U « n > (so-mifa-plaz'am) a LThe entirety of special- 
^d protoplasm, other than germ plasm, that constitutes the body 
z, 1 ne protoplasm of a somatic cell. 

so^t-OTlextre (so-mifa-ploor') a [NUt somatopleuia : so 
Mato + Ck. pJeura. side.] A complex sheet of embryonic cells in 
certain vertebrates, formed by association of part of the mesoderm 
with the ectoderm and developing as the internal bodv walL m 
maro Tden-ilc (-ploorTk) adj oooy wau. -^o- 

*^t^^ f i^ mif:Hipl a ^ morphological type of a hu- 
man body : phtsique. «n iinrotyptc (-tfpTk) adj. 
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Chapter 8 / ZYMOGEN ACTIVATION: DIGESTIVE ENZYMES AND CLOTTING FACTORS 



1 



THROMBIN IS HOMOLOGOUS TO TRYPSIN 



The specificity of thrombin for arginine-glycine bonds suggests that 
thrombin might resemble trypsin. Indeed it does, as shown by 
amino acid sequence studies. Thrombin has a molecular weight 
of 33,700 and consists of two chains. The A chain of 49 residues 
exhibits no detectable homology to the pancreatic enzymes. The 
B chain, however, is quite similar in sequence to trypsin, chymo- 
trypsin, and elastase. The sequence around its active-site serine is 
Gly-Asp-Ser-Gly-Gly-Pro, the same as that in the pancreatic serine 
proteases. Moreover, thrombin also contains a charge relay network. 
Its three-dimensional structure is not yet known, but one important 
feature of its specificity site is already apparent. Thrombin, like 
trypsin, contains an aspartate residue at the bottom of its substrate 
binding cleft. This negatively charged group undoubtedly forms 
an electrostatic bond with the positively charged arginine side 
chain. 

Thrombin is much more specific than trypsin. Thrombin cleaves 
certain arginine-glycine bonds, whereas trypsin cleaves most pep- 
tide bonds following arginine or lysine residues. Thrombin, like 
the pancreatic serine proteases, is synthesized as a zymogen called 
prothrombin, which has a molecular weight of about 70,000. The 
activation mechanism appears to be more complex than in the 
homologous pancreatic enzymes. However, at least one feature of 
the activation process is common to these enzymes. An ion pair 
like the one formed between the positively charged amino group 
of isoleucine 16 and the negatively charged aspartate 194 in 
chymotrypsin also occurs in thrombin. 

Similarities in amino acid sequence indicate that thrombin is 
evolutionarily related to the pancreatic serine proteases. This is reinforced 
by the occurrence of a charge relay system and the likelihood of 
a similar activation mechanism. It is of interest to note that throm- 
bin is formed in the liver, which has a common embryological 
origin with the pancreas. 



PROTHROMBIN IS ACTIVATED BY FACTOR X a 

The cascade nature of the clotting process is evident in Figure 8-28. 
Prothrombin is activated by a proteolytic enzyme which is called 
Factor X a . Clotting factors are assigned a Roman numeral for ease 
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Figure 8-28 

Final steps in the formation of a 
fibrin clot. These three reactions 
constitute the common pathway. 
Factor X is activated by products of 
the intrinsic and extrinsic pathways. 
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